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Introduction 


It  is  generally  accepted  that  successful  joint  arthroplasty  surgical  operations  require  skill  in  terms  of  both 
technique  and  judgment.  While  the  traditional  apprenticeship  model  of  surgical  training  adequately 
addresses  the  judgment  aspect,  it  puts  patients  at  unnecessary  risk  as  the  learning  curve  is  arduous  to 
hone  technical  skills.  Even  so,  few  satisfactory  alternatives  exist  to  the  apprenticeship  model  of  surgical 
training.  Additionally,  it  is  well  established  that  the  outcome  of  an  arthroplasty  procedure  such  as  total 
knee  replacement  is  critically  determined  by  technical  factors,  such  as  the  positioning  of  the  prosthetic 
components  with  respect  to  the  skeleton,  and  the  recreation  of  the  natural  ligamentous  restraints  of  the 
joint  that  accompany  joint  motion  (Coventry  1979,  Stulberg  2002,  Berend  2004,  Stulberg  2006). 
However,  there  is  no  validated,  objective  method  for  quantifying  technical  skill.  Consequently,  there  is 
limited  information  available  in  terms  of  precise,  quantitative  measures  about  the  extent  to  which 
technical  goals  are  achieved.  Previously,  we  developed  and  validated  a  computer-based  prototype 
system  for  evaluating  errors  in  instrument  alignment  for  total  knee  arthroplasty  (TKA)  (Conditt  2007). 
This  system  is  designed  to  measure  the  technical  success  of  a  surgical  procedure  in  terms  of  quantifiable 
geometric,  spatial,  kinematic  or  kinetic  parameters.  This  allows  for  surgeons  to  train  outside  the 
operating  room  to  develop  and  refine  skills  specific  to  a  particular  surgical  procedure  while  objectively 
quantifying  their  technical  skill.  Another  goal  of  this  project  was  to  test  the  hypothesis  that  the  use  of 
computerized  training  significantly  enhances  the  speed  and  efficiency  of  acquisition  of  surgical  skills 
within  the  context  of  orthopedic  procedures. 

The  purpose  of  the  current  project  was  to  implement  this  previously  validated  methodology  into  a  turn¬ 
key,  computerized  Bioskills  training  facility  based  on  commercial  motion  analysis  hardware  and 
customized  software. 

The  technical  specific  objectives  of  this  project  entailed: 

1.0  To  develop  an  operational  computer-based  Bioskills  System  to  quantify  the  extent  to  which 
surgeons  achieve  technical  goals  defining  the  outcome  of  each  step  of  a  surgical  procedure. 

2.0  To  incorporate  the  Bioskills  System  into  a  surgical  training  facility  which  allows  for  simultaneous 
training  of  four  surgeons  using  cadavers  or  surrogate  anatomic  models. 

3.0  Assess  the  effectiveness  and  efficiency  of  the  computer-based  facility  in  training  surgeons  to 
perform  at  least  one  operative  procedure. 
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Technical  Objective  1.0.  Development  of  Computerized  Bioskills  System 


I 


OVERVIEW 

The  goal  of  Technical  Objective  1.0  was  to  deliver  an  integrated,  turn-key,  computerized  bioskills  system 
based  on  commercial  motion  analysis  hardware  and  software  developed  for  installation  into  a  surgical 
training  facility.  All  tasks  were  successfully  completed  and  implemented  for  Technical  Objective  1.0. 

METHODS  AND  RESULTS 
Software 

A  software  development  contract  was  awarded  by  Motion  Analysis  Corporation  (MAC)  to  Innovative 
Sports  Training  (1ST)  to  fulfill  the  requisite  subtasks  outlined  by  Technical  Objective  1.0.  This  partnership 
was  necessary  to  interface  software  that  generated  coordinate  data  acquired  from  motion  analysis 
cameras  ("Cortex"  distributed  by  MAC)  with  software  developed  to  describe  the  kinematics  of  bodies 
("The  Motion  Monitor"  (TMM)  distributed  by  1ST).  The  TMM  platform  was  utilized  for  all  data  collection, 
specimen  specific  coordinate  system  extraction  algorithms,  measurement  processing,  and  error 
computations.  The  software  was  developed  and  validated  as  a  joint  effort  with  Innovative  Sports 
Training  and  Motion  Analysis  Corporation.  Individual  templates  were  created  in  Cortex  to  automatically 
identify  each  tool  and  bone  based  on  its  unique  marker  configuration.  All  identified  marker  data  was 
collected  real-time  in  Cortex  and  streamed  to  TMM  software  for  data  capture,  computations,  and  data 
export. 

Specimen  specific  models  were  generated  from  computer  tomography  (CT)  scans  after  attachment  of 
arrays  to  each  of  the  bones  being  tracked.  Details  of  model  preparation  are  discussed  in  a  previous 
publication  (Conditt  et  al.,  2007)  (Appendix  A).  CT  scans  were  then  obtained  of  each  specimen  using  a 
helical  scanner.  Contiguous  CT  slices  of  .8  mm  in  thickness  were  taken  through  the  knee.  Three- 
dimensional  reconstructions  of  the  tibia  and  femur  were  prepared  using  specialized  image  processing 
software  (Materialise,  Belgium)  resulting  in  solid  models  of  each  bone  with  a  dimensional  accuracy  of 
approximately  0.2mm  (Figure  1.1). 
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Figure  1.1.  Reconstructed  CT  image  and  corresponding  solid  model 


The  TMM  software  was  developed  to  automatically  extract  assign  coordinate  systems  to  the  femur  and 
tibia  within  each  specimen-specific  model,  based  on  the  recommended  conventions  of  the  ISB  (Wu  et 
alv  2002)  (Figure  1.2).  Additionally,  other  specimen-specific  geometries  used  for  calculating  deviations 
from  the  target  values  of  each  computed  parameter  were  generated  by  TMM  software  algorithms. 


Figure  1.2.  Example  of  a  specimen-specific  coordinate  system  automatically  generated  by  the  software 
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The  Bioskills  analysis  software  developed  for  this  project  is  comprised  of  a  series  of  files  that  collect  and 
export  the  appropriate  data  for  each  step  of  the  surgery.  A  script  automates  the  process  and  can  be 
controlled  by  the  command  center  operator  or  a  surgical  assistant  via  an  analog  hand  held  event  trigger. 
Appendix  B  lists  the  individual  files  with  a  description  of  the  functional  purpose  of  each. 

Measurement  data,  error  data  and  figures  from  the  preference  files  are  imported  into  Microsoft  Excel 
via  macros.  1ST  created  a  'report  generator'  in  MS  Excel  which  incorporates  all  of  the  data  for  a  specific 
user  into  a  report  format.  The  requirement  for  report  generation  is  a  full  set  of  appropriate  files 
exported  from  the  individual  preference  files.  Report  generation  takes  less  than  one  minute;  therefore 
the  final  report  is  immediately  available  at  the  conclusion  of  the  session  or  may  be  generated  at  another 
time  in  the  future.  See  Appendix  C  for  an  example  of  the  report. 


The  trainee  communicates  the  target  orientations  and  alignments  of  the  components,  which  are 
recorded  in  the  report  for  comparison  to  actual  component  placement.  Targets  include  femoral 
component  flexion/extension  (Figure  1.3  (a)),  varus/valgus  (Figure  1.3  (b)),  internal/external  rotation 
(Figure  1.3  (c)),  medial/lateral  placement  (Figure  1.3  (d)),  tibial  component  varus/valgus  (Figure  1.4  (a)), 
internal/external  rotation  (Figure  1.4  (b),  and  tibial  slope  (Figure  1.4  (c)). 


Extension 


Flexion 


Figure  1.3.  Trainee  specified  femoral  component  targets:  (a)  flexion/extension,  (b)  varus/valgus,  (c) 
internal/external  rotation  and  (d)  medial/lateral  alignment. 


(a)  (b)  (c) 

Figure  1.4.  Trainee  specified  tibial  component  targets:  (a)  varus/valgus,  (b)  internal/external  rotation  and  (c)  tibial 
slope 
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Parameter 

Target  Value 

Femoral  component  position/alignment 

(+)medial/(-)lateral  (mm) 

0 

(+)  varus/(-)valgus  (deg) 

-5 

(+)flexion/(-)extension  (deg) 

0 

Tibial  component  alignment 

(+)  varus/(-)valgus  (deg) 

0 

(+)anterior/(-)posterior  slope  (deg) 

-7 

(+)internal/(-)external  rotation  (deg) 

6 

Table  1.  Typical  target  values  for  parameters  defining  the  position  and  alignment  of  the 
femoral  and  tibial  components 

Hardware 

The  motion  capture  system  operates  on  the  principle  that  the  spatial  location  of  all  tools  and  bones 
within  the  bioskills  laboratory  can  be  tracked  by  measuring  the  position  ,  in  space,  of  arrays  of  3-4 
spherical  retro-reflective  markers  attached  to  each  tool ,  bone,  or  implant.  In  practice,  this  necessitates 
that  the  geometric  relationship  between  the  markers  within  each  array  is  precisely  known  throughout 
the  preparation  and  eventual  tracking  of  each  specimen  in  surgery.  This  is  realized  by  attaching  each 
marker  to  a  metal  post  which  is  inserted  into  a  threaded  hole  in  the  base  of  an  aluminum  mounting 
plate  (Figure  1.5).  By  varying  the  spacing  of  the  hoes  utilized  for  marker  attachment,  unique  geometric 
configurations  of  markers  are  created,  enabling  each  array  to  be  identified  from  a  set  of  spatial 
coordinates  of  all  bones,  instruments  and  implants  in  use  at  any  one  instant.  The  array  of  holes  for 
attachment  of  markers  to  each  plate  was  designed  to  provide  at  least  19  unique  combinations  of 
marker  positions  with  sufficient  variation  in  marker  separation  to  be  recognized  as  unique  by  the 
camera  system.  Further  information  relating  to  the  design  of  the  mounting  plates  is  presented  in 
Appendix  D.  Figure  1.6  illustrates  the  original  CAD  model  of  the  mounting  plate,  and  a  photo  image  of 
one  such  late  after  fabrication  in  a  CNC  milling  machine. 

Previous  experience  has  shown  us  that  preparation  of  cadaveric  specimens  for  use  in  bioskills 
experiments  is  time-consuming  and  often  necessitates  freezing  and  storage  of  each  specimen  after  CT 
scanning,  prior  to  its  use  in  a  training  session.  This  creates  a  potential  problem  because  the  performance 
of  reflective  markers  deteriorates  dramatically  with  exposure  to  sub-zero  conditions.  Flowever,  removal 
and  reattachment  of  markers  from  bones  or  mounting  plates  results  in  errors  in  tracking  of  each 
specimen  and  any  instrumentation.  To  overcome  these  challenges,  we  devised  a  novel  design  of 
modular  bone  plate  and  mounting  plate  assembly  to  allow  the  mounting  plate  to  be  detached  from  the 
bone  after  imaging  and  then  reattached  prior  to  a  training  session  without  loss  of  accuracy  in  tracking. 
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Figure  1.5.  Interchangeable  flag  system  (A)  CAD  model  (B)  physical  model 


The  assembly  consists  of  a  bone  plate  rigidly  attached  to  the  bone  or  surrogate  anatomic  model  with 
screws  (Figure  1.6  (A)).  The  universal  flag  mates  to  a  post  that  mates  to  the  bone  plate  (Figure  1.6  (B) 
and  (C)).  The  bone  plates  were  fabricated  with  a  CNC  milling  machine. 


Figure  1.6.  Detachable  mounting  system:  (A)  bone  plate  with  holes  to  allow  attachment  to  the  femur  of 
tibia  using  bone  screws,  (B)  Assembly  (bone  plate,  post  and  universal  flag)  shown  in  exploded  view,  and 
(C)  Assembly  in  final  orientation  used  for  attachment  to  the  bone  via  a  skin  incision. 

The  position  and/or  orientation  of  the  surgical  cuts,  the  surgical  instruments,  and  the  prosthetic 
components  were  all  measured  with  an  instrumented  plane  jig  and  an  intramedullary  (IM)  rod  which  we 
designed  in-house  and  fabricated  on  the  CNC  milling  machine. 
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(A) 


(B) 


Figure  1.7.  Plane  jig  positional  measurement  tool:  (A)  CAD  model  and  (B)  physical  model. 


The  plane  jig  (Figure  1.7)  was  designed  with  two  faces  (planes)  for  measuring  the  orientation  of  cut  bony 
surfaces  with  respect  to  the  anatomical  axes  defined  by  the  software.  The  IM  rod  (Figure  1.8)  was 
developed  to  enable  measurement  of  the  location  and  alignment  of  the  femoral  distal  cutting  guide  with 
respect  to  the  femoral  origin  and  axis  system. 


(A) 


14” 

Figure  1.8.  IM  rod  positional  measurement  tool:  (A)  CAD  model  and  (B)  physical  model. 

Data  Collection  Sequence  and  Report  Generation 

At  the  commencement  of  each  surgical  training  session,  pre-operative  values  of  a  number  of  parameters 
are  measured  to  define  the  native  alignment,  range  of  motion  and  inherent  laxity  of  the  knee  joint. 
These  data  include: 

1.  Pre-operative  alignment 

2.  Pre-operative  laxity  in  the  frontal  (varus/valgus)  and  transverse  (internal/external  rotation) 
planes  at  full  extension,  30°,  60°  and  90°  (Shultz  et  al.,  2007). 
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3.  Passive  pre-operative  range  of  motion  (ROM)  in  the  sagittal  (flexion/extension)  plane  was 
measured  by  moving  the  knee  through  its  extension  to  flexion  arc. 

(c)  tibial  slope. 

At  the  conclusion  of  each  surgical  step  the  position  and  orientation  of  the  appropriate  bones  and  tools 
were  measured  with  the  motion  analysis  system.  TMM  software  computed  the  following  geometric 
parameters: 

1.  The  medial/lateral  and  anterior/posterior  entry  point  of  the  femoral  intramedullary  (IM)  rod 
(Figure  1.8)  and  its  inclination  with  respect  to  the  anatomic  axis  of  the  femur  in  the  sagittal 
(flexion/extension)  and  frontal  (varus/valgus)  planes  (Figure  1.9). 


Femoral  IM  Rod  Insertion  Point 


Surgeon  Actual 


-10  -5  0  5  10 

Med/Lat  Dev  from  Target  {mm} 


Med/Lat  (mm)  2.9  A nt'Po st  [mm]  -1.2 


Figure  1.8.  Example  of  reported  medial/lateral  and  anterior/posterior  insertion  point  error  (mm)  of 
intramedullary  rod. 
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IM  Rod  Ant/Post  Deviation  1.35° 


I M  Rod  IVIed/Lat  Deviation  -1.30° 


Figure  1.9.  Example  of  reported  medial/lateral  and  anterior/posterior  insertion  angle  error  (degrees)  of 
intramedullary  rod. 
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2.  The  alignment  of  the  distal  femoral  cutting  guide  and  cut  with  respect  to  the  anatomical  axis  of 
the  femur  in  the  sagittal  (flexion/extension)  and  frontal  (varus/valgus)  planes  (Figure  1.10). 


Femoral  Distal  Cutting  Block 
Accuracy 


Femoral  Distal  Cut  Accuracy 

Targets 

Relative  Guide  Alignment 

Flexion 

0.0  D 

2.1  D 

Valgus  Angulation 

5.0  0 

2.9  D  (varus) 

Targets 

Relative  Cut  Alignment 

Flexion 

0.0  0 

-2.1  ° 

Valgus  Angulation 

5.0  0 

1.6  0  (varus) 

Actual  Cut 
B  lock  Align  men 


>-606 

Frontal  Plane  Dev  from  Target  [“) 


Figure  1.10.  Example  of  plane  jig  orientation  on  cut  surface  (left)  and  reported  deviations  for  femoral 
distal  cutting  guide  alignment  and  femoral  distal  cut  alignment  (right). 
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3.  The  alignment  of  the  posterior  (4-in-l)  femoral  cutting  guide  and  cut  with  respect  to  the 
anatomical  axis  of  the  femur  in  the  sagittal  (flexion/extension)  and  transverse  (internal/external 
rotation)  planes  (Figure  1.11). 


jj 


Femoral  A/P  Cut  Accuracy 

Targets 

Relative  Guide  Alignment 

Flexion 

QJ  0 

-0.7  D 

External  Rotation 

3.0  0 

2.3  D  (external) 

Targets 

Relative  Cut  Alignment 

Flexion 

0.0  D 

-2.4  D 

External  Rotation 

3.0  0 

1.9  D  (external) 

Q  a t 

01 

v  i— 

*  -s 

-6 


-12 


Femoral  AP  Cutting  Block 
Accuracy 


■  DiucKrtiiy  n 

w 


internal 


external 


Transverse  Plane  Dev  from  Target  [*) 


Figure  1.11.  Example  of  plane  jig  orientation  on  cut  surface  (left)  and  reported  deviations  for  femoral 
posterior  cutting  guide  alignment  and  femoral  posterior  cut  alignment  (right). 
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4.  The  resection  depth  of  both  the  posterior  and  distal  cuts.  (Figure  1.12). 


Figure  1.12.  Example  of  reported  medial  and  lateral  femoral  condyle  resections  (distal  and  posterior  cuts). 

5.  The  alignment  of  the  tibial  cutting  guide  and  cut  with  respect  to  the  anatomical  axis  of  the  tibia 
in  the  sagittal  (tibial  slope)  and  the  frontal  (varus/valgus)  planes.  (Figure  X) 

6.  The  depth  of  tibial  resection  for  the  lateral  and  medial  condyles.  (Figure  X) 

7.  The  alignment  of  the  tibial  component  in  the  transverse  (internal/external  rotation)  plane 
(Figure  1.13). 
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Figure  1.13.  Example  of  tibial  measurements. 


8.  The  net  alignment  of  the  knee  joint  was  calculated  in  full  extension  post-operatively  (Figure 
1.14): 

a)  changes  in  the  relative  position  of  the  tibia  with  respect  to  the  femur  were  calculated 
based  on  the  displacement  of  the  tibial  coordinate  system  relative  to  the  femoral 
coordinate  system. 

b)  the  tibiofemoral  alignment  of  the  knee  in  the  frontal  plane  (varus/valgus)  was  defined 
by  the  angle  between  the  tibial  and  femoral  anatomical  axes. 

c)  the  tibiofemoral  alignment  of  the  knee  in  the  transverse  plane  (internal/external 
rotation)  was  defined  by  the  angle  between  the  medial/lateral  femoral  and  tibial  axes. 
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Figure  1.14.  Example  of  frontal  plane  and  sagittal  plane  alignment  with  components  (left)  and  reported 
postoperative  limb  alignment  measures  (right). 

9.  Post-operative  laxity  in  the  frontal  (varus/valgus)  and  transverse  (internal/external  rotation) 
planes  at  full  extension,  30°,  60°  and  90°. 

10.  Passive  post-operative  range  of  motion  (ROM)  in  the  sagittal  (flexion/extension)  plane  was 
measured  by  moving  the  knee  through  its  extension  to  flexion  arc. 

11.  Post-operative  laxity  in  the  frontal  (varus/valgus)  and  transverse  (internal/external  rotation) 
planes  at  full  extension,  30°,  60°  and  90°. 

12.  Passive  post-operative  range  of  motion  (ROM)  in  the  sagittal  (flexion/extension)  plane  was 
measured  by  moving  the  knee  through  its  extension  to  flexion  arc. 
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OVERVIEW 


The  goal  of  Technical  Objective  2.0  was  to  develop  a  facility  for  training  surgeons  in  musculoskeletal 
procedures  using  the  computerized  surgical  skills  system.  This  objective  was  successfully  completed.  A 
fully  operational  training  facility  integrating  the  computerized  bioskills  trainer  with  all  supporting 
instrumentation  was  developed  and  implemented  with  the  ability  to  conduct  up  to  four  surgical  training 
surgery  sessions  simultaneously. 

METHODS  AND  RESULTS 

We  successfully  developed  a  surgical  training  facility  (Figure  2.1)  consisting  of  the  hardware  necessary  to 
support  up  to  four  independent,  simultaneous  surgical  training  sessions  in  orthopedic  procedures.  This 
facility  is  located  within  the  Methodist  Institute  for  Training,  Research  and  Innovation  at  The  Methodist 
Hospital  in  Houston,  and  occupies  a  decommissioned  operating  room  which  was  actively  utilized  for 
surgical  procedures  until  2006.  This  location  of  this  facility  is  ideal  for  demonstrating  the  capabilities  of 
any  surgical  training  system  because  of  the  authenticity  of  the  operative  environment  and  the  existence 
of  extensive  infrastructure,  including  refrigerated  storage  rooms  for  human  and  animal  cadavers. 

As  previously  stated,  the  backbone  of  the  surgical  skills  system  is  a  12-camera,  infra-red  digital  camera 
system  (Motion  Analysis  Corporation,  Santa  Rosa,  CA).  The  cameras  identify  the  positions  of  reflective 
markers  attached  to  the  bones  and  measurement  instruments,  with  unique  marker  array  combinations 
representing  each  individual  object.  These  marker  position  data  are  to  TMM  software  for  data  collection 
and  analysis.  The  cameras  are  mounted  to  a  custom  frame  designed  to  isolate  the  cameras  from 
external  vibrations  while  maximizing  the  field  of  view  of  each  camera. 


Figure  2.1.  Bioskills  surgical  training  facility. 


Design  and  development  of  supporting  instrumentation  was  a  significant  aspect  of  implementing  a  fully 
functional  training  facility.  Off-the-shelf  surgical  tools  such  as  saw  sets  and  retractor  sets  were 
purchased,  however  the  majority  of  hardware  was  developed  and  fabricated  in-house.  Customized 
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tools  and  supporting  instrumentation  included:  an  interchangeable  flag  system,  detachable  mounting 
plates  for  cadaver  flags,  plane  jig  and  intramedullary  (IM)  rod  tracking  tools,  surgical  tables  with 
incorporated  laxity  test  apparatus,  and  command  center.  Appendix  D  contains  a  description,  computer 
aided  design  (CAD)  model  and  illustration  of  the  finished  product  for  each  customized  tool  or  piece  of 
hardware.  Key  components  of  the  facility  are  the  specialized  operating  tables  and  the  command  center. 

The  surgical  tables  (Figure  2.2)  were  designed  and  constructed  to  meet  surgical,  specimen  fixation  and 
joint  laxity  test  requirements.  The  table  secures  a  cadaver  specimen  (L5  spinal  segment  to  feet) 
prepared  for  surgical  procedures  or  a  surrogate  model.  The  foot  of  the  specimen  is  secured  on  a  rail  that 
accommodates  a  surgeon's  preference  for  knee  flexion  positioning  as  well  as  passive  range  of  motion 
during  the  procedure.  Joint  laxity  testing  is  accomplished  by  applying  both  axial  and  perpendicular 
torques  to  the  tibia  in  a  controlled  manner  via  the  laxity  test  apparatus  (Figure  2.2).  A  torque  wrench 
with  an  intergraded  torque  sensing  load  cell  (FUTEK  Advanced  Sensor  Tech,  Irvine  Ca)  was  used  to  apply 
the  torques  (5  Nm  internal/external  rotation,  10  Nm  Varus/Valgus)  to  each  specimen.  Each  surgical 
station  had  its  own  dedicated  data  acquisition  system  (Measurement  Computing,  Norton,  MA)  used  to 
measure  the  output  signal  of  each  torque  wrench  during  laxity  test.  This  raw  torque  data  was  synced 
with  TMM  software  and  joint  laxity  was  calculated. 


Figure  2.2.  Customized  surgical  table  with  laxity  test  apparatus:  (A)  CAD  model  and  (B)  physical  model. 


23 


Each  surgical  station  has  its  own  dedicated  video  monitor  allowing  the 
trainee  to  receive  live  feedback  from  the  training  software  (Figure  2.3). 


A  central  command  center  (Figure  2.4)  was  designed  such  that  one  person  could  monitor  all  surgical 
stations  and  the  motion  capture  system  (Cortex)  simultaneously.  The  command  center  accommodates  a 
dedicated  computer  and  monitor  for  each  surgical  station,  a  separate  computer  for  Cortex  and  four  data 
acquisition  boards  for  all  analog  data. 


Figure  2.4.  Central  command  center. 
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Technical  Objective  3.0.  Validation  of  Integrated  Bioskills  Surgical  Training 
System 


OVERVIEW 

The  goal  of  Technical  Objective  3.0  was  to  test  the  hypothesis  that  the  Bioskills  Training  System 
enhances  the  speed  and  efficiency  of  acquisition  of  surgical  skills.  The  objective  was  successfully 
completed. 

METHODS 

Eleven  trainees  were  recruited  to  participate  in  the  study.  Trainees  consisted  of  surgical  students, 
residents  and  fellows  enrolled  in  programs  at  The  University  of  Texas,  Baylor  College  of  Medicine,  or 
Methodist  Hospital  in  Houston,  Texas.  Each  trainee  filled  out  a  standard  form  describing  their  previous 
surgical  experience,  including  the  total  number  of  knee  replacement  procedures  they  have  previously 
observed,  assisted  or  performed.  Each  trainee  was  given  surgical  procedure  documentation  for  the 
NexGen  (Zimmer,  Warsaw,  Indiana)  total  knee  replacement  system  (see  Appendix  E  for  the  NexGen 
surgical  documentation).  Trainees  were  graded  based  on  their  average  of  six  different  measures  on  their 
initial  sawbone  surgery.  Based  on  their  initial  assessment,  trainees  were  divided  into  two  groups  of 
average  equal  skill.  Group  1  (n=6)  performed  the  knee  replacement  first  on  a  polymeric  model  then  a 
cadaver  with  conventional  training.  An  instructor  was  available  to  supervise  each  trainee,  providing 
feedback  and  suggestions  for  the  conventional  (apprentice  style)  sessions.  Group  2  (n=5)  performed  the 
knee  replacement  procedure  on  a  polymeric  model  with  performance  assessed  by  the  Computerized 
Bioskills  system.  Results  of  each  surgical  step  as  well  as  the  final  alignment  as  determined  by  the  Bioskills 
system  were  communicated  to  the  trainee.  The  trainee  then  performed  the  procedure  on  a  cadaver 
under  surveillance  of  the  Bioskills  system.  Finally,  the  trainees  exchanged  group  assignments  and  the 
protocols  were  repeated. 

RESULTS 

Final  Limb  Alignment 

All  Cadaver  Trials 

The  primary  outcome  of  this  surgical  procedure  is  the  post-operative  alignment  of  the  knee  in  full 
extension.  Final  limb  alignment  measures  included: 

1.  axial  rotation  of  the  tibia  with  respect  to  the  femur  (i.e.  relative  internal  or  external  rotation), 

2.  axial  alignment  of  the  tibia  with  respect  to  the  femur  in  the  frontal  (i.e.  coronal)  plane,  commonly 
referred  to  as  the  varus/valgus  alignment  of  the  knee, ,  and 

3.  the  posterior  slope  of  the  tibial  component  with  respect  to  the  longitudinal  axis  of  the  tibia. 
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When  analyzed  as  one  group,  tibiofemoral  rotation  changed  from  4.9°±1.1°  of  external  rotation  pre- 
operatively  to  2.4°±1.7°  of  internal  rotation  after  knee  replacement  (Figure  3.1).  Pre-operative 
alignment  of  the  knee  in  the  frontal  plane  averaged  0.06  °±0.64°  of  varus  and  changed  by  less  than  one 
degree  to  0.74°±0.57°  of  varus  after  surgery  (Figure  3.2).  The  trainees  reduced  the  posterior  slope  of 
the  tibia  from  average  of  6.0°±0.2°  pre-operatively  to  3.9°±0.6°  after  knee  replacement  (Figure  3.3). 


Average  Tibiofemoral  Rotation  for  All  Cadaver  Trials 


Pre-Op  Align  Post-Op  Align  Change 


Figure  3.1.  Average  tibiofemoral  rotation  for  all  cadaveric  trials  expressed  in  terms  of  the  pre-operative  and  post¬ 
operative  alignment,  and  the  change  in  alignment  due  to  the  surgical  procedure. 


Average  Varus/Valgus  Alignment  for  All  CadaverTrials 


Figure  3.2.  Average  varus/valgus  alignment  for  all  cadaver  trials  compared  pre-operatively,  post-operatively  and  in 
terms  of  the  change  in  alignment  due  to  the  surgical  procedure. 
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Average  Tibial  Slope  Values  for  All  Cadaver  Trials 
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Figure  3.3.  Average  tibial  slope  for  all  cadaver  trials  compared  pre-operatively,  post-operatively  and  for  the 
change  in  alignment  due  to  the  surgical  procedure. 

Group  Analysis 

When  analyzed  by  assigned  groups,  tibiofemoral  rotation  went  from  4.68°±1.73°  external  rotation  to 
4.03°±2.16°  internal  rotation  in  Group  1  (Figure  3.4).  Group  2  averaged  5.21°±1.22°  of  pre-operative 
external  rotation  and  0.22°±2.85°of  post-operative  internal  rotation.  Pre-operatively  Group  1  averaged 
0.28  °±0.93°  of  varus  and  post-operatively  averaged  0.29°±0.87°  of  varus  (Figure  3.5).  Group  2  averaged 
0.23  °±0.88°  of  valgus  pre-operatively  and  post-operatively  averaged  1.34°±0.63°  of  varus.  Tibial  slope 
averaged  6.33°±0.28°  for  Group  1  and  5.44°±0.29°  for  Group  2  pre-operatively.  Tibial  slope  post¬ 
operative  measures  were  2.33°±0.80°  and  5.88°±0.57°,  respectively  (Figure3.6). 


Average  Tibiofemoral  Rotation  by  Group 
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Figure  3.4.  Average  tibiofemoral  rotation  by  group  compared  pre-operatively,  post-operatively  and  for  the  change 
in  alignment  due  to  the  surgical  procedure. 
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Figure  3.5.  Average  varus/valgus  alignment  by  group  compared  pre-operatively,  post-operatively  and  for  the 
change  in  alignment  due  to  the  surgical  procedure. 


Average  Tibial  Slope  Values  Compared  by  Group 
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Figure  3.6.  Average  tibial  slope  by  group  compared  pre-operatively,  post-operatively  and  for  the  change  in 
alignment  due  to  the  surgical  procedure. 

Analysis  by  Trial  Type 

When  analyzed  by  the  type  of  trial  performed  (first  cadaver  trial  or  'Cadaver  1'  versus  second  cadaver 
trial  or  'Cadaver  2'),  tibiofemoral  rotation  measures  pre-operatively  were  5.42°±1.86°  external  rotation 
for  Cadaver  1  trials  and  4.34°±1.14°  external  rotation  for  Cadaver  2  trials  (Figure  3.7).  Post-operative 
measures  were  0.11°±2.58°  external  rotation  for  Cadaver  1  trials  and  5.15°±2.1°  internal  rotation  for 
Cadaver  2  trials  (Figure  3.8).  Pre-operatively  Cadaver  1  trials  averaged  0.01°±0.92°  of  varus  and  post- 
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operatively  averaged  1.13°±0.832°  of  varus  (Figure  3.8).  Cadaver  2  trials  averaged  0.11°±0.95°  of  varus 
pre-operatively  and  post-operatively  averaged  0.32°±0.78°  of  varus.  Tibial  slope  averaged  6.09°±0.32° 
for  Cadaver  1  trials  and  5.8°±0.33°  for  Cadaver  2  trials  pre-operatively.  Post-operative  measures  were 
3.48°±0.88°  and  4.25°±0.98°,  respectively  (Figure  3.9). 


Average  Tibiofemoral  Rotation  by  Trial  Type 
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Figure  3.7.  Average  tibiofemoral  rotation  by  trial  type  compared  pre-operatively,  post-operatively  and  for  the 
change  in  alignment  due  to  the  surgical  procedure. 
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Figure3.8.  Average  varus/valgus  alignment  by  trial  type  compared  pre-operatively,  post-operatively  and  for  the 
change  in  alignment  due  to  the  surgical  procedure. 
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Average  Tibial  Slope  by  Trial  Type 
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Figure  3.9.  Average  tibial  slope  by  trial  type  compared  pre-operatively,  post-operatively  and  for  the  change  in 
alignment  due  to  the  surgical  procedure. 

Conclusions 

•  These  results  demonstrate  that  that  surgical  trainees  generally  have  difficulty  in  achieving 
correct  alignment  total  knee  replacement  in  terms  of  the  axial  rotation  of  the  tibia  with  respect 
to  the  femur .  Additional  difficulty  is  observed  in  achieving  adequate  posterior  slope  of  the  tibial 
component.  Interestingly,  although  the  knees  were  generally  left  in  more  varus  than  planned, 
the  average  error  was  less  than  one  degree. 

•  In  terms  of  the  method  of  training,  trainees  instructed  with  traditional  didactic  methods  were 
further  from  target  values  of  rotational  alignment  and  tibial  slope  than  those  trained  with  data 
derived  from  the  Bioskills  training  system.  However,  varus/valgus  alignment  was  superior  in  the 
traditionally  trained  group. 

•  When  these  errors  are  broken  down  by  the  number  of  repetitions  of  the  training  exercise., 
varus/valgus  alignment  and  tibial  slope  improved  with  the  second  cadaver  session,  compared  to 
the  first,  however  tibio-femoral  rotation  deteriorated. 

Soft  Tissue  Balancing 

Pre-operative  and  post-operative  frontal  and  transverse  laxities  were  determined  for  each  of  the  twenty 
cadaver  knees.  For  all  pre-operative  specimens,  when  subjected  to  5  N/m  varus  torque,  varus 
angulation  of  the  tibia  relative  to  the  femur  generally  increased  across  all  flexion  angles  (full  extension: 
0.61°  ±  0.12°,  30°:  0.64°  ±  0.12°,  60°:  0.67°  ±  0.15°,  90°:  0.76°  ±  0.17°).  Post-operative  varus  angulation 
did  not  differ  significantly  from  pre-operative  angulation  in  flexion  (30°:  0.70°  ±  0.23°,  60°:  0.77°  ±  0.23°, 
90°:  0.78°  ±  0.19°),  although  post-operative  full  extension  was  slightly  increased  (full  extension:  0.86°  ± 
0.26°;  p=0.39).  When  5  N/m  valgus  torque  was  applied,  valgus  angulation  in  pre-operative  knees 
generally  decreased  as  flexion  increased  (full  extension:  0.90°  ±  0.20°,  30°:  0.60°  ±  0.12°,  60°:  0.57°  ± 
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0.14°,  90°:  0.47°  ±  0.08°).  At  full  extension  and  at  30°  of  flexion,  post-operative  valgus  angulation  was 
similar  to  pre-operative  angulation  (full  extension:  0.72°  ±  0.19°,  30°:  0.59°  ±  0.13°)  and  slightly 
increased  at  higher  flexion  angles  (60°:  0.93°  ±  0.35°,  90°:  0.65°  ±  0.27°),  although  no  differences  were 
statistically  significant.  Application  of  10  N/m  internal  and  external  torque  revealed  more  transverse 
rotational  laxities  than  frontal  varus  and  valgus  laxities  both  pre-  and  post-operatively.  Internal  torque 
resulted  in  corresponding  internal  rotation  of  the  tibia  relative  the  femur  that  increased  with  any  flexion 
pre-operatively  (0°:  7.62°  ±  1.03°,  30°:  15.54°  ±  1.04°,  60°:  18.54°  ±  0.99°,  90°:  15.16°  ±  1.47°)  and  post- 
operatively  (0°:  5.42°  ±  0.64°,  30°:  14.51°  ±  1.51°,  60°:  16.57°  ±  1.91°,  90°:  17.52°  ±  2.42°).  Similarly, 
although  pre-  and  post-operative  full  extension  external  rotation  was  greater  than  internal,  external 
rotation  increased  with  any  flexion  as  external  torque  was  applied  pre-operatively  (0°:  10.18°  ±  1.65°, 
30°:  15.26°  ±  1.77°,  60°:  12.38°  ±  1.59°,  90°:  15.07°  ±  1.83°)  and  post-operatively  (0°:  10.52°  ±  2.37°,  30°: 
17.54°  ±  2.25°,  60°:  17.25°  ±  2.54°,  90°:  20.99°  ±  2.83°). 
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Figures  3.10  -  3.13.  Pre-operative  and  post-operative  frontal  and  transverse  laxity  measurements  for  all 
surgeons. 

The  pre-operative  and  post-operative  frontal  and  transverse  laxity  measurements  were  categorized  into 
subgroups  based  on  Group  1  versus  2  and  phase  cadaver  1  versus  cadaver  2  (Figure  A1  and  A2, 
respectively).  Group  2  post-operative  frontal  laxity  measurements  tended  to  approach  those  of  the 
intact  specimen  with  less  deviation  as  compared  to  group  l's  post  operative  measurements,  whereas 
both  groups  had  similar  trends  with  regards  to  post-operative  transverse  laxity  measurements  matching 
up  with  pre-op  measurements.  However,  no  significantly  different  trends  were  noticed  between  groups. 
The  only  significant  differences  noted  between  the  two  groups  were  the  pre-operative  frontal  laxity, 
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varus  measurement  at  60  degrees  of  flexion  (p=0.04  )  and  in  the  pre-operative  transverse  laxity, 
external  rotation  measurements  at  90  degrees  of  flexion  (p=0.04). 

Femoral  Preparation 

All  Trials 

The  alignments  of  the  surgical  instruments  were  measured  after  each  step  of  the  surgical  procedure.  As 
a  group,  the  average  error  in  the  IM  rod  insertion  placement  caused  it  to  be  positioned  1.15±0.56  mm 
medial  and  -2.83±0.65  mm  posterior  to  the  projection  of  the  actual  intramedullary  axis  (Figure  3.14). 
The  IM  rod  was  angled  0.48°±0.19°  lateral  (varus)  and  0.45°±0.31°  anterior  (flexion)  to  the  anatomical 
axis  (Figure  3.16).  This  corresponded  to  group  average  deviations  from  the  target  insertion  point  of 
4.09±0.48  mm  anterior/posterior  and  2.87±0.40  mm  medial/lateral  (Figure  3.15).  Group  average 
deviations  from  target  alignment  were  1.02°±0.13°  medial/lateral  and  1.59°±0.18°  anterior/posterior 
(Figure  3.16). 

IM  Rod  Insertion  Point  (Average  of  All  Trials) 
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Figures  3.14  and3.15.  Average  IM  rod  insertion  point  relative  to  the  ideal  insertion  point  (the  projection  of  the 
actual  intramedullary  axis  on  the  distal  femur)  for  all  trials  (left)  and  deviation  of  the  IM  rod  insertion  point  from 
target  values  averaged  for  all  trials  (right). 


IM  Rod  Alignment  (Average  of  All  Trials) 

0.8 
0.6 

«  04 
■ 

8 

u)  0.2 

V 

O 

i  M 

1  - 0.2 
o> 

5  -0.4 
-0.6 
-0.8 

Medial(+)fLateral(-)  Anterior(+)/Posterior(-) 


Deviation  of  IM  Rod  Alignment  from  Target 


Medi  al L  at  ora  I  A  nterio  r/Foste  ri  or 


Figures  3.16  and  3.17.  Average  IM  rod  alignment  for  all  trials  (left)  and  deviation  of  IM  Rod  alignment  from  target 
values  averaged  for  all  trials  (right). 

The  distal  cutting  guide  was  positioned  in  1.43°±0.42°  of  flexion  and  4.58°±0.37°  valgus  with  respect  to 
the  femoral  anatomical  axis  (Figure  3.18)  for  the  entire  group.  This  corresponded  to  deviations  from 
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target  values  of  2.52°±0.26°  flexion/extension  and  1.82°±0.26°  varus/valgus  (Figure  3.19).  On  average, 
the  posterior  cutting  guide  (4-in-l  cutting  guide)  was  placed  in  0.70±0.75°  of  extension  and  1.23°±0.89° 
of  external  rotation  with  respect  to  the  anatomical  axis  (Figure  3.20).  The  average  deviation  from  target 
in  flexion/extension  was  3.38°±0.57°  and  4.51°±0.68°  in  external/internal  rotation  (Figure  3.21). 


Femoral  Distal  Cutting  Guide  Alignment  Averaged  for  All  Trials  Deviation  of  Femoral  Distal  Cutting  Guide  Alignment 
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Figures  3.18  and  3.19.  Average  alignment  of  the  femoral  distal  cutting  guide  for  all  trials  (left)  and  deviation  of 
alignment  from  target  values  averaged  for  all  trials  (right). 
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Figures  3.20  and  3.21.  Average  alignment  of  the  femoral  posterior  (4-in-l)  cutting  guide  for  all  trials  (left)  and 
deviation  of  alignment  from  target  values  averaged  for  all  trials  (right). 

The  femoral  distal  osteotomy  alignments  averaged  0.01°±0.49°  in  extension  and  5.14°±0.31°  in  valgus 
for  all  trials  (Figure  3.22).  The  posterior  osteotomy  averaged  0.70°±0.98°  in  external  rotation  (Figure 
3.22).  Corresponding  deviations  from  the  intended  targets  were  2.42°±0.32°  in  flexion/extension, 
1.76°±0.18°  in  varus/valgus  and  4.83°±0.73°  in  external/internal  rotation  (Figure  3.23). 
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Femoral  Osteotomy  Alignment  Averaged  for  All  Trials 
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Figures  3.22  and  3.23.  Average  alignment  of  the  femoral  osteotomies  for  all  trials  (left)  and  deviation  of  alignment 
from  target  values  averaged  for  all  trials  (right). 


Conclusions 

•  These  results  demonstrate  that  surgical  trainees  tend  to  place  the  intramedullary  guide  rod  at  a 
significant  displacement  away  from  the  target  position  corresponding  to  the  longitudinal  axis  of 
the  intramedullary  canal.  These  errors  are  much  larger  in  the  anterior/posterior  direction  than 
medial/laterally.  In  contrast,  errors  in  the  axial  alignment  of  the  rod  are  relatively  small. 

•  Errors  in  placement  of  the  distal  cutting  guide  lead  to  2-3  degree  misalignment  of  the  femoral 
resections,  both  in  flexion/extension  and  varus/valgus  alignment.  The  varus/valgus  component 
is  of  particular  concern,  because  deviations  were  typically  in  a  varus  direction. 

Tibial  Preparation 

The  alignments  of  the  tibial  cutting  guide  and  tibial  osteotomy  were  measured  relative  to  the  anatomic 
and  medial/lateral  axes  of  the  tibia. 

Post-operatively,  the  average  alignment  of  the  tibial  cutting  guide  was  3.36°±0.52°  in  posterior  slope, 
0.10°±0.45°  in  valgus  and  5.23°±0.86°  in  external  rotation  for  all  trainees  combined  (Figure  3.24).  This 
corresponds  to  average  deviations  from  target  values  of  3.33°±0.39°  in  posterior  slope,  2.46°±0.22°  in 
varus/valgus  alignment ,  and  6.56°±0.60°  in  external/internal  rotation  (Figure  3.25). 

Similar  values  were  measured  for  the  actual  orientation  of  the  tibial  osteotomies.  These  were  aligned  at 
an  average  of  3.22°±0.41°  in  posterior  slope,  0.98°±0.44°  in  varus  and  5.38°±0.84°  in  external  rotation 
(Figure  3.26).  This  corresponds  to  deviations  of  2.87°±0.36°  posterior  slope,  2.45°±0.27°  varus/valgus 
and  4.22°±0.51°  external/internal  rotation  compared  to  target  values  (Figure  3.27). 
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Figures  3.24  and  3.25.  Average  alignment  of  the  tibial  cutting  guide  for  all  trials  (left)  and  deviation  of  alignment 
from  target  values  averaged  for  all  trials  (right). 
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Figures  3.26  and  3.27.  Average  alignment  of  the  tibial  osteotomies  for  all  trials  (left)  and  deviation  of  alignment 
from  target  values  averaged  for  all  trials  (right). 


Conclusions 


•  These  results  support  the  conclusion  that  the  surgical  trainees  had  significant  difuculty  in 
preparation  of  the  tibia,  with  an  average  increase  of  deviations  of  2-3  degrees  in  varus 
alignment,  with  a  3-4  degree  shortfall  in  posterior  slope. 

•  A  source  of  major  concern  is  the  difficulty  experienced  by  trainees  in  achieving  the  correct  axial 
rotation  of  the  tibial  component  with  respect  to  the  femur,  which  could  have  serious  clinical 
consequences  if  reproduced  in  treatment  of  patients. 
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Table  3.1.  Group  instrument  and  osteotomy  alignment  errors 


Mean 

Standard 

Error 

Deviation 

from  Target 

Standard 

Error 

Femoral  intramedullary  rod 

(+)medial/(-)lateral  (mm) 

1.15 

0.56 

2.87 

0.40 

(+)anterior/(-)posterior  (mm) 

-2.83 

0.65 

4.09 

0.48 

(+)med/(-)lat  (deg) 

-0.48 

0.19 

1.02 

0.13 

(+)posterior/(-)anterior  (deg) 

0.45 

0.31 

1.59 

0.18 

Distal  femoral  cutting  guide 

(-)varus/(+)valgus  (deg) 

4.58 

0.37 

1.82 

0.26 

(+)flexion/(-)extension  (deg) 

1.43 

0.42 

2.52 

0.26 

Posterior  femoral  cutting  guide 

(+)internal/(-)external  rotation  (deg) 

1.23 

0.89 

4.51 

0.65 

(+)flexion/(-)extension  (deg) 

-0.70 

0.75 

3.38 

0.57 

Tibial  cutting  guide 

(+)varus/(-)valgus  (deg) 

-0.10 

0.45 

2.46 

0.22 

(-)anterior/(+)posterior  slope  (deg) 

3.36 

0.52 

3.33 

0.39 

(+)external/(-)internal  rotation  (deg) 

5.20 

0.86 

6.56 

0.60 

Femoral  Osteotomy 

(+)flexion/(-)extension  (deg) 

-0.01 

0.49 

2.42 

0.32 

(+)varus/(-)valgus  (deg) 

5.14 

0.31 

1.76 

0.18 

(+)internal/(-)external  rotation  (deg) 

0.70 

0.98 

4.83 

0.73 

Tibial  Osteotomy 

(-)anterior/(+)posterior  slope  (deg) 

3.22 

0.41 

2.87 

0.36 

(+)varus/(-)valgus  (deg) 

0.98 

0.44 

2.45 

0.27 

(-)internal/(+)external  rotation  (deg) 

5.38 

0.84 

4.22 

0.51 

Surgical  Procedure  Metrics 

Results  from  the  analyses  of  specific  surgical  procedures  are  given  in  Appedix  F.  All  major  surgical  steps 
of  the  knee  arthroplasty  procedure  were  analyzed  in  terms  of  quantifying:  (1)  alignment  of  the  cutting 
guides  and  alignment  of  the  resulting  osteotomies.  Group  analyses  (Group  1  assignment  versus  Group  2 
assignment)  and  trial  specific  (sawbone  versus  cadaver)  analyses  are  presented  for  alignment  of  the 
guides/osteotomies  and  deviations  from  the  intended  targets. 

Analyses  by  Group  Assignment 

Analyses  by  group  demonstrated  that  significant  differences  did  not  exist  between  the  skill  levels  of  the 
two  groups  when  individual  steps  were  analyzed.  Therefore,  the  average  skill  level  represented  by  each 
group  was  representative  of  the  overall  skill  level  of  study  participants. 

With  respect  to  femoral  preparation  surgical  steps,  anterior/posterior  placement  of  the  IM  rod,  both  in 
terms  of  insertion  point  and  alignment,  demonstrated  higher  deviation  from  the  intended  target  than 
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medial/lateral  measures  (Figures  F.1-F.4).  There  was  also  greater  variability  in  alignment  (i.e.  angle) 
measures  compared  to  insertion  point  measures.  Femoral  cutting  guide  measures  also  showed 
consistent  similar  alignment  measures  as  well  as  deviations  from  intended  targets  when  the  two  groups 
were  compared  (Figures  F.5-F.8).  Similar  trends  were  seen  for  tibial  cutting  guide  alignment  and  tibial 
osteotomy  metrics  (Figures  F.21-F.25) 

Analyses  by  Trial  Type 

Analyses  by  trial  type  involved  grouping  metrics  based  on  the  specific  surgical  trial  for  all  surgeons  who 
performed  that  trial  (i.e.  Sawbone  Trial  1,  Cadaver  Trial  1,  Sawbone  Trial  2,  and  Cadaver  Trial  2). 

With  respect  to  femoral  preparation  surgical  steps,  there  was  great  variability  between  sawbone  trial 
outcomes  and  cadaver  trial  outcomes.  For  example,  in  flexion/extension  measures  of  IM  rod  alignment 
the  sawbone  trials  averaged  IM  rod  alignmenst  in  flexion  while  the  cadaver  trials  averaged  IM  rod 
alignments  in  extension  (Figure  F.ll).  The  same  trend  is  seen  in  IM  rod  insertion  point  measures  (Figure 
F.13)  and  femoral  cutting  guide  alignment  (sawbone  trials  averaged  net  external  rotational  alignment 
while  cadaveric  trials  averaged  net  internal  rotational  alignment).  These  results  might  indicate  that 
sawbone  polymeric  models  are  not  adequate  surrogate  models  for  knee  arthroplasty  procedures. 

Tibial  preparation  steps  demonstrated  a  learning  curve  trend,  in  terms  of  both  sawbone  trials  and 
cadaveric  trials.  Tibial  guide  placement  improved  with  each  subsequent  trial  of  the  same  type  (Sawbone 
1  Sawbone  2  and  Cadaver  1  ->  Cadaver  2).  For  example,  measurements  of  posterior  slope  increased 
from  3.82°±0.91°  to  5.30°±1.21°,  where  5.5°  was  the  average  target  value  of  posterior  slope  (Figure 
F.26).  Varus/valgus  measures  also  demonstrated  a  learning  curve  (Figure  F.28  and  F.30)  as  the 
magnitude  of  the  deviation  from  target  values  decreased  with  subsequent  surgeries  of  the  same  type. 
Interestingly,  external/internal  rotation  measures  were  highly  variable  and  did  not  necessarily  show  a 
learning  curve  effect,  however  tibial  osteotomy  alignment  values  in  external/internal  rotation  closely 
follow  tibial  cutting  guide  alignment  values.  This  suggests  that  the  design  of  the  guide  and  associated 
surgical  tools  to  perform  the  osteotomy  lends  themselves  to  low  error  propagation  (Figure  F.27  and 
F.29)  for  this  particular  alignment  metric. 
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Key  Research  Accomplishments 


1.  We  have  developed  a  reliable  and  accurate  turnkey  system  for  measurement  of  technical 
performance  parameters  in  orthopedic  procedures,  primarily  total  knee  replacement. 

2.  Successful  development  of  a  robust  software  for  automated  measurement  of  bony  landmarks, 
computation  of  anatomic  axes  ,  and  real  time  monitoring  of  the  position  and  alignment  of  surgical 
implants  and  instruments. 

3.  We  have  successfully  developed  a  reproducible  methodology  for  measuring  the  laxity  of  the  knee 
joint  win  all  positions  of  normal  function  before  and  after  joint  replacement. 

4.  We  have  succeeded  in  generating  automated  reports  documenting  the  technical  performance  of  each 
individual  surgeon  with  case-specific  illustrations  and  data  with  virtually  no  delay.  This  enables  surgeons 
to  receive  personalized  reports  immediately  upon  completion  of  each  training  exercise. 

5.  We  have  determined  that  bioskills  training  has  variable  impact  on  the  technical  skills  of  trainees  and 
that  more  structured  use  of  the  system  is  required  to  optimize  its  impact  on  skill  acquisition  and  the 
spectrum  of  technical  tasks  successfully  acquired. 

6.  Our  results  have  demonstrated  that  current  surrogate  models  of  the  knee  ("Sawbones"),  used 
worldwide  for  surgical  training,  do  not  emulate  the  acquisition  of  transferrable  technical  skills.  We  have 
determined  that  more  realistic  anatomic  models  are  needed  for  use  in  surgical  training  to  replace 
completely  or  at  least  to  a  significant  degree  the  need  for  human  cadavers. 


Reportable  Outcomes  and  Conclusions 


The  major  reportable  outcome  of  this  study  is  the  development  of  an  operational  Bioskills  Training 
facility  at  The  Methodist  hospital  in  Houston  for  the  development  of  surgical  skills  in  trainees  within  the 
medical  school  and  residency  training  programs,  and  in  practicing  surgeons  within  the  community  who 
may  wish  to  further  refine  their  technical  skills  or  learn  new  procedures.  Discussions  are  underway  with 
the  administration  of  Methodist-  Cornell  Medical  School,  Baylor  College  of  medicine,  and  The  University 
of  Texas  to  incorporate  this  facility  into  the  training  of  Residents  and  fellows  in  orthopedic  Surgery  and 
other  specialties. 

Experts  at  other  training  centers  (D  Chit  Ranawat,  Hospital  for  Special  Surgery,  New  York  and  Dr  Ron 
Lehman,  Walter  Reed  Hospital,  Washington  DC)  have  expressed  an  interest  in  developing  satellite 
versions  of  the  Bioskill  Systems  to  use  in  their  own  facilities,  awe  are  interested  in  obtaining  funding  to 
test  and  develop  the  outcome  of  training  using  this  system,  both  in  the  sense  of  acute  improvement  of 
technical  skill,  but,  more  importantly,  in  terms  of  outcomes  and  prevention  of  complications  in  clinical 
practice.  We  are  in  the  process  of  exploring  funding  sources  to  make  this  possible. 
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Manuscripts  of  our  findings  will  be  prepared  once  we  have  completed  enrollment  of  experienced 
surgeons  to  serve  as  a  reference  datum.  Nonetheless,  the  bioskills  system  has  been  presented  to 
surgeons  and  manufacturers  in  a  variety  of  conference  venues,  including  the  American  Academy  of 
orthopedic  Surgery  and  the  Australian  Orthopedic  Association. 
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Abstract:  Although  all  agree  that  the  results  of  total  knee  replacement  (TKR)  are  primarily 
determined  by  surgical  skill,  there  are  few  satisfactory  alternatives  to  the  ‘apprenticeship’  model 
of  surgical  training.  A  system  capable  of  evaluating  errors  of  instrument  alignment  in  TKR  has 
been  developed  and  demonstrated.  This  system  also  makes  it  possible  quantitatively  to  assess 
the  source  of  errors  in  final  component  position  and  limb  alignment.  This  study  demonstrates 
the  use  of  a  computer-based  system  to  analyse  the  surgical  skills  in  TKR  through  detailed 
quantitative  analysis  of  the  technical  accuracy  of  each  step  of  the  procedure.  Twelve  surgeons 
implanted  a  posterior-stabilized  TKR  in  12  fresh  cadavers  using  the  same  set  of  surgical  instru¬ 
ments.  During  each  procedure,  the  position  and  orientation  of  the  femur,  tibia,  each  surgical 
instrument,  and  the  trial  components  were  measured  with  an  infrared  coordinate  measurement 
system.  Through  analysis  of  these  data,  the  sources  and  relative  magnitudes  of  errors  in  position 
and  alignment  of  each  instrument  were  determined,  as  well  as  its  contribution  to  the  final 
limb  alignment,  component  positioning  and  ligament  balance.  Perfect  balancing  of  the  flexion 
and  extension  gaps  was  uncommon  (0/15).  Under  standardized  loading,  the  opening  of  the 
joint  laterally  exceeded  the  opening  medially  by  an  average  of  approximately  4  mm  in  both 
extension  (4.1  ±2.1  mm)  and  flexion  (3.8±3.4mm).  In  addition,  the  overall  separation  of  the 
femur  and  the  tibia  was  greater  in  flexion  than  extension  by  an  average  of  4.6  mm.  The  most 
significant  errors  occurred  in  locating  the  anterior/ posterior  position  of  the  entry  point  in  the 
distal  femur  (SD  =  8.4  mm)  and  the  correct  rotational  alignment  of  the  tibial  tray  (SD  =  13.2  ). 
On  a  case-by-case  basis,  the  relative  contributions  of  errors  in  individual  instrument  alignments 
to  the  final  limb  alignment  and  soft  tissue  balancing  were  identified.  The  results  indicate  that 
discrete  steps  in  the  surgical  procedure  make  the  largest  contributions  to  the  ultimate  alignment 
and  laxity  of  the  prosthetic  knee.  Utilization  of  this  method  of  analysis  and  feedback  in  ortho¬ 
paedic  training  is  expected  rapidly  to  enhance  surgical  skills  without  the  risks  of  patient 
exposure. 

Keywords:  total  knee  replacement,  computer  model,  limb  alignment 


1  INTRODUCTION 

It  is  well  established  that  the  outcome  of  total  knee 
replacement,  whether  gauged  by  the  short-term 
function  of  the  artificial  joint  or  its  ultimate  dura¬ 
bility,  is  critically  determined  by  technical  factors  11, 
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2].  These  include  the  position  and  alignment  of  the 
prosthetic  components  with  respect  to  the  skeleton, 
and  the  soft-tissue  balance  achieved  intraoperatively 
[3-6].  It  is  generally  agreed  that  in  the  frontal  plane 
the  desired  alignment  of  the  reconstructed  knee  is 
such  that  the  mechanical  axis  of  the  limb  passes 
through  the  middle  of  the  knee  joint  [7, 8]  or  through 
the  middle  third  of  the  prosthesis  [9].  In  the  sagittal 
plane  the  goal  is  to  restore  normal  patellofemoral 
tracking  and  stability  while  simultaneously  providing 
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sufficient  knee  flexion  for  everyday  activities.  It  is 
also  important  to  recreate  the  preoperative  orien¬ 
tation  of  the  femur  and  tibia  in  internal /external 
rotation  with  the  knee  in  full  extension,  although 
opinions  differ  concerning  optimal  rotational  align¬ 
ment  with  respect  to  the  bony  tibia.  In  addition  to 
the  final  limb  alignment,  another  surgical  goal  of  TKR 
is  to  create  symmetric  and  balanced  flexion  and 
extension  gaps  [10]. 

Over  the  past  30  years  of  knee  arthroplasty,  there 
have  been  numerous  suggestions  of  the  most  effec¬ 
tive  procedures  for  achieving  acceptable  balance  and 
alignment  of  the  artificial  knee  on  a  routine,  repro¬ 
ducible  basis  [7,  11-16].  Traditionally,  the  location  of 
each  prosthetic  component  has  been  referenced  to 
anatomic  landmarks  on  either  the  femur  or  the  tibia, 
often  without  reference  to  the  other  bones  in  the 
joint.  For  example,  the  internal/external  rotation  of 
the  femoral  component  is  traditionally  aligned  with 
the  posterior  edges  of  the  femoral  condyles  or  the 
epicondylar  axis,  while  the  rotational  position  of  the 
tibial  component  on  the  tibia  is  based  on  the  location 
of  the  tibial  tubercle,  the  shape  of  the  tibial  plateau, 
or  the  alignment  of  the  malleoli.  These  techniques 
have  been  shown  to  be  unreliable  in  the  osteoarth- 
ritic  knee  [171.  More  recently,  the  accuracy  of  prep¬ 
aration  of  the  tibia  and  femur  has  been  increased 
through  adoption  of  a  coupled-component  tech¬ 
nique  in  which  the  relative  orientation  of  the  articul¬ 
ating  components  is  referenced  intraoperatively  [18]. 
In  addition,  cutting  guides  for  both  the  femur  and 
the  tibia  are  commonly  referenced  to  extramedullary 
and/or  intramedullary  landmarks  to  overcome  the 
difficulty  of  visualizing  the  mechanical  axis  of  the 
extremity  via  the  surgical  incision.  Although  these 
guides  increase  the  reliability  of  implant  placement, 
errors  still  occur  owing  to  the  variability  of  bony 
anatomy,  and  the  difficulty  of  achieving  rigid  fixation 
of  the  guide  to  the  underlying  bone,  especially  in 
osteoporotic  cases. 

It  is  even  more  difficult  to  restore  the  normal  stab¬ 
ility  of  the  knee  joint  throughout  the  arc  of  motion 
as  the  forces  developed  in  the  ligaments  controlling 
joint  motion  are  sensitive  to  precise  placement  of  the 
prosthetic  components.  Moreover,  the  placement  of 
the  new  articulating  surfaces  must  compensate  for 
the  effects  of  the  pathologic  process,  in  addition  to 
the  effects  of  differences  in  the  geometry  of  the  pros¬ 
thetic  and  native  joints  [19].  In  order  to  address  bony 
deformities,  joint  contractures,  or  instability,  it  may 
be  necessary  to  perform  a  series  of  soft  tissue 
releases  in  addition  to  the  bony  cuts  to  create  sym¬ 
metric  and  balanced  flexion  and  extension  gaps. 
These  soft-tissue  balancing  procedures  are  typically 


performed  without  the  aid  of  any  instrumentation, 
and  consequently  it  is  not  surprising  that,  even  when 
specific  techniques  are  employed  to  create  equal 
flexion  and  extension  gaps,  perfect  soft-tissue 
balancing  is  achieved  in  only  approximately  50  per 
cent  of  cases  [20]. 

Clearly,  successful  completion  of  the  operation 
requires  skill,  in  both  technique  and  judgement. 
However,  there  is  limited  information  demonstrating 
in  precise,  quantitative  terms  the  extent  to  which 
these  technical  goals  are  achieved  on  a  case- by-case 
basis.  Moreover,  it  is  not  possible  to  establish  which 
specific  errors/variations  in  surgical  technique 
account  for  deviations  of  alignment  and  balance 
from  the  idealized  preoperative  plan.  As  there  are 
multiple  sources  of  error,  a  quantitative  method  is 
needed  to  measure  the  contribution  of  each  potential 
factor  to  the  surgeon’s  success  in  achieving  the  tech¬ 
nical  goals  of  the  procedure.  In  this  study,  such  a 
method  is  presented,  and  its  effectiveness  in  discern¬ 
ing  causes  of  malalignment  of  prosthetic  compo¬ 
nents  and  imbalance  of  the  knee  following  TKR  is 
demonstrated. 

2  MATERIALS  AND  METHODS 

2.1  Preparation  of  computer  knee  models 

Twelve  normal  lower  extremities  without  evidence 
of  pre-existing  contractures  or  deformities  were  har¬ 
vested  from  cadaveric  donors  (eight  males,  four 
females;  average  age  76  years).  Anteroposterior  and 
lateral  radiographs  were  prepared  of  each  specimen 
to  exclude  cases  with  evidence  of  previous  trauma, 
or  significant  skeletal  pathology.  Computer  tomogra¬ 
phy  (CT)  scans  were  obtained  of  each  specimen 
using  a  helical  scanner  (GE  Medical  Systems)  and 
contiguous  slices  of  2.5  mm  through  the  shafts  of  the 
tibia  and  femur  with  slices  at  a  thickness  of  1.25  mm 
through  the  joint.  Three-dimensional  reconstruc¬ 
tions  of  the  tibia  and  femur  were  prepared 
(Materialize,  Belgium),  resulting  in  solid  models  of 
each  bone  with  a  dimensioned  accuracy  of  approxi¬ 
mately  0.2  mm. 

Utilizing  computer  aided  design  (CAD)  software 
routines  (Unigraphics  Inc.,  Cypress,  California),  a  set 
of  anatomically  based  coordinate  systems  was  devel¬ 
oped  to  define  the  location  and  orientation  of  the 
tibia  and  the  femur  from  the  three-dimensional  solid 
models.  For  the  femur,  the  true  flexion/ extension  axis 
was  found  by  fitting  spheres  to  the  posterior  condylar 
surfaces  of  the  intact  femur  [21].  The  longitudinal 
anatomic  axis  was  defined  by  the  line  of  best  fit 
through  the  centroids  of  cross-sections  from  the 
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distal  third  of  the  femur  (Fig.  1).  The  anterior/ 
posterior  axis  was  defined  by  a  line  mutually  ortho¬ 
gonal  to  the  other  two  axes.  The  origin  of  the  femoral 
coordinate  system  was  the  point  on  the  longitudinal 
axis  closest  to  the  flexion/ extension  axis.  The 
mechanical  axis  of  the  femur  was  defined  as  the  axis 
lying  in  the  plane  of  the  femoral  anatomic  axis  and 
perpendicular  to  the  flexion/ extension  axis.  The 
longitudinal  tibial  axis  was  defined  by  the  line  of 
best  fit  through  the  centroids  of  cross-sections  from 
the  proximal  third  of  the  tibia,  as  shown  in  Fig.  1.  For 
the  medial/ lateral  axis  of  the  tibia,  circles  were  fitted 
to  the  cortical  edges  of  the  medial  and  lateral  sides 
at  slices  2,  4.5,  and  7  mm  distal  to  the  tibial  plateau. 
The  medial /lateral  axis  was  then  calculated  by 
averaging  the  centres  of  these  circles  (Fig.  1).  The 
anterior/ posterior  axis  was  defined  by  a  line  mutu¬ 
ally  orthogonal  to  the  other  two  axes.  The  origin  of 
the  tibial  coordinate  system  was  the  point  on  the 
medial /lateral  axis  closest  to  the  longitudinal  axis. 

2.2  Surgical  preparation  of  each  specimen 

Following  radiographic  evaluation,  the  twelve 
cadaveric  knees  were  prepared  for  implantation  of  a 
posterior  cruciate  ligament  (PCL)  sacrificing  pos¬ 
terior  stabilized  total  knee  replacement  using  one 
standard  set  of  instruments  llnsall-Burstein  II  (IBII), 
Zimmer].  This  particular  instrument  set  was  selected 
for  use  in  these  experiments  because  it  incorporates 
most  of  the  design  features  common  to  many  other 
instrument  systems  without  the  specialized  features 
or  accessories  characteristic  of  more  contemporary 


Fig.  1  Example  of  CT  reconstruction  and  definition  of 
anatomic  and  mechanical  axes 


instrumentation.  The  first  step  of  the  procedure 
involved  resection  of  the  proximal  tibia  using  a 
cutting  guide  mounted  on  an  extramedullary  align¬ 
ment  jig.  An  intramedullary  alignment  rod  was  then 
inserted  through  a  drilled  hole  within  the  intercondy¬ 
lar  notch  of  the  distal  femur.  The  anterior  cutting 
guide  was  then  indexed  off  the  anterior  femoral 
cortex,  guiding  the  resection  of  a  preliminary 
anterior  cut  to  avoid  notching  of  the  femur.  The  distal 
femoral  cutting  guide  was  then  mounted  on  the  cut 
anterior  femur  to  determine  the  level  of  the  distal 
femoral  resection.  The  femur  was  then  sized  and  the 
posterior  condylar  and  the  final  anterior  cuts  were 
made.  The  flexion  and  extension  gaps  were  checked 
and,  if  necessary,  the  distal  femur  was  recut.  The 
appropriate  femoral  notch/chamfer  guide  was  then 
pinned  to  the  cut  distal  femur  and  controlled  the 
chamfer  cuts  and  removal  of  the  intercondylar  notch. 
The  rotational  position  of  the  tibia  was  determined 
by  pinning  the  tibial  stem  template  on  the  cut  tibial 
surface  in  rotational  alignment  with  the  tibial 
tubercle.  The  tibial  stem  punch  was  then  driven  into 
the  cancellous  bone,  creating  the  cavity  for  the  stem 
of  the  tibial  tray.  Twelve  individuals  performed  the 
tibial  and  femoral  cuts  on  the  cadaveric  knees:  four 
experienced  surgeons  (orthopaedic  faculty),  one 
total  joint  fellow,  five  orthopaedic  residents,  one 
physician’s  assistant,  and  one  orthopaedic  assistant. 

2.3  Quantitative  assessment  of  instrument 
alignment 

During  surgical  preparation  of  each  knee,  the  pos¬ 
ition  and  orientation  of  the  femur  and  tibia,  each 
surgical  instrument,  and  the  trial  components 
were  measured  with  a  three-dimensional  coordinate 
measurement  system  (NDI,  Waterloo,  Ontario, 
Canada).  Specifically,  the  instruments  tracked  were 
the  extramedullary  tibial  cutting  guide,  the  femoral 
intramedullary  rod,  the  anterior  femoral  cutting 
guide,  the  distal  femoral  cutting  guide,  and  the  tibial 
stem  punch.  Based  upon  these  spatial  measure¬ 
ments,  the  following  geometric  parameters  were 
calculated. 

1.  The  medial /lateral  placement  of  the  extramedul¬ 
lary  rod  within  the  tibia  and  its  inclination  with 
respect  to  the  longitudinal  anatomic  axis  of  the 
tibia  in  both  the  frontal  (varus /valgus)  and  sagittal 
planes  (tibial  slope)  (Fig.  2). 

2.  The  medial/lateral  and  anterior/posterior  entry 
point  of  the  femoral  intramedullary  rod  and  its 
inclination  with  respect  to  the  mechanical  and 
anatomic  axes  of  the  femur  in  both  the  frontal 
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Fig.  2  Computer  reconstruction  of  the  tibia  with  a 
cutting  block  mounted  on  an  extramedullary 
alignment  guide  prior  to  pinning  to  the  proxi¬ 
mal  tibia.  The  height  of  the  guide  is  determined 
by  a  threaded  sleeve;  its  inclination  is  deter¬ 
mined  by  the  position  of  the  rod  with  respect 
to  the  distal  tibia  in  both  the  frontal  and  sagit¬ 
tal  planes 


(varus/valgus)  and  sagittal  planes  (flexion/exten- 
sion). 

3.  The  alignment  of  the  anterior  femoral  cutting 
guide  with  respect  to  the  mechanical  axis  of  the 
femur  in  both  the  sagittal  (flexion/ extension)  and 
transverse  planes  (interned /external  rotation). 

4.  The  alignment  of  the  distal  femoral  cutting  guide: 

(a)  with  respect  to  the  mechanical  axis  of  the 
femur,  in  both  the  sagittal  plane  (flexion/ 
extension)  and  the  frontal  plane  (varus/ 
valgus); 

(b)  with  respect  to  the  flexion/ extension  axis  of 
the  femur  in  the  transverse  plane  (internal/ 
external  rotation). 

5.  The  alignment  of  the  tibia!  stem  punch,  relative 
to  the  medial /lateral  axis  of  the  tibia  in  the  trans¬ 
verse  plane  (internal /external  rotation). 

6.  The  inclination  of  the  femoral  component  with 
respect  to  the  mechanical  axis  of  the  femur  in 
both  the  sagittal  (flexion/ extension)  and  frontal 
planes  (varus/valgus). 

7.  The  internal/external  rotation  of  the  femoral  com¬ 
ponent  with  respect  to  the  flexion/ extension  axis 
of  the  femur  in  the  transverse  plane. 

8.  The  alignment  of  the  tibial  component  in  the  sag¬ 
ittal  plane  (tibial  slope)  and  in  the  frontal  plane 
(varus /valgus),  both  with  respect  to  the  longitudi¬ 
nal  axis  of  the  tibia  and  in  the  transverse  plane 
(internal /external  rotation)  with  respect  to  the 
medial /lateral  axis  of  the  tibia. 

9.  The  net  alignment  of  the  lower  extremity,  both 


before  and  after  implantation,  was  calculated  in 
full  extension  (Fig.  3)  and  90  of  flexion: 

(a)  changes  in  the  relative  position  of  the  tibia 
with  respect  to  the  femur  were  calculated 
from  the  displacement  of  the  centre  of  the 
tibial  coordinate  system  with  respect  to  the 
femoral  coordinate  system; 

(b)  the  tibiofemoral  alignment  of  the  knee  (varus/ 
valgus)  was  defined  by  the  angle  between  the 
tibial  and  the  femoral  anatomic  longitudinal 
axes  in  the  frontal  plane  of  the  femur; 

(c)  the  internal /external  rotation  of  the  femur 
with  respect  to  the  tibia  was  defined  by  the 
angle  between  the  medial/lateral  femoral  and 
tibial  axes  in  the  transverse  plane  of  the  femur. 

The  ligamentous  balance  of  each  knee  was  measured 
in  extension  and  90  of  flexion  after  completion  of 
the  bony  cuts.  An  instrumented  distraction  instru¬ 
ment  was  placed  between  the  cut  surfaces  of  the 
femur  and  the  tibia,  and  a  fixed  force  of  44  N  (10  Ibf) 
was  applied  to  distract  the  joint  (Fig.  4).  During 
distraction,  the  pivoting  design  of  the  tensometer 
allowed  differential  opening  of  the  medial  and  lateral 
edges  of  the  joint.  During  distraction,  the  medial  and 
lateral  separation  of  the  tibia  and  femur  were  meas¬ 
ured  with  the  coordinate  measuring  system.  Based 
on  these  measurements,  the  ‘flexion  gap'  was  defined 
as  the  mean  separation  of  the  joint  surfaces  under 
the  distraction  load  with  the  knee  fixed  in  90  of 
flexion.  The  ‘extension  gap'  was  defined  as  the  same 
measurements  performed  with  the  knee  in  full  exten¬ 
sion.  The  imbalance  of  each  gap  was  assessed  by 
measuring  the  angle  between  the  cut  tibial  and  fem¬ 
oral  surfaces  within  the  frontal  plane. 


Fig.  3  Computer  reconstructions  of  the  knee  joint 
before  and  after  total  knee  replacement 
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Fig.  4  Photograph  of  a  navigated  joint  distraction 
device.  The  metal  plates  (A)  are  placed  within 
the  joint  space  and  are  separated  by  turning  the 
rack  and  pinion  mechanism  (B)  with  a  torque 
wrench  until  a  total  distraction  resistance  of 
44  N  is  developed  between  the  femur  and  the 
tibia.  The  distraction  plates  are  free  to  angulate 
to  allow  for  unequal  opening  of  the  medial  and 
lateral  compartments 

3  RESULTS 

3.1  Final  limb  alignment 

One  primary  outcome  variable  defining  the  technical 
goals  of  this  procedure  is  the  final  limb  alignment  in 
full  extension.  Post-arthroplasty,  tibiofemoral  align¬ 
ment  increased  by  an  average  of  2.1 +5.8  of  varus 
with  a  range  of  10.8  of  valgus  to  8.2  of  varus  with 
respect  to  the  initial,  preoperative  alignment.  In 
every  specimen,  the  tibia  was  placed  in  more  exter¬ 
nal  rotation  than  in  the  intact  knee,  with  post¬ 
operative  external  rotation  ranging  from  0.7  to  12.8 
(average  value  5.6 +  4.3  ).  In  addition,  the  post¬ 
operative  tibia  was  shifted  3.1  +4.9  mm  medially  and 
13.9  +  9.7  mm  posteriorly  in  relation  to  the  femur, 
and  the  tibiofemoral  joint  space  was  increased 
4.7 +  3.1  mm  relative  to  the  intact  knee. 

3.2  Soft  tissue  balancing 

Another  primary  outcome  variable  is  the  balance  of 
the  flexion  and  extension  gaps.  Gap  measurements 
were  taken  with  44  N  (10  lbf)  of  force  spreading  the 
joint  open.  The  average  extension  gap  was  13.9  + 


5.9  mm  and  the  average  flexion  gap  was  18.6+ 
6.8  mm.  Within  each  surgery,  the  average  difference 
between  the  flexion  and  extension  gap  distance  was 

4.6  mm  more  flexion  gap,  with  a  range  of  0.3  mm 
tight  in  flexion  to  8.0  mm  tight  in  extension.  Only  1 
out  of  12  surgeries  is  within  a  1  mm  acceptability 
range  in  difference  in  the  flexion/extension  laxities, 
with  all  others  more  lax  in  flexion.  If  2  mm  of  differ¬ 
ence  in  the  medial  and  lateral  gaps  is  considered 
acceptable  varus/valgus  laxity,  two  out  of  12  knees 
were  satisfactory  in  extension  and  two  out  of  12 
knees  were  satisfactory  in  flexion.  It  should  be  noted 
that  these  were  not  the  same  two  knees.  On  average, 
the  extension  gap  was  lax  laterally  4.1 +2.1  mm  and 
the  flexion  gap  was  lax  laterally  3.8 +3.4  mm.  In  58 
per  cent  of  the  knees,  there  was  greater  asymmetry 
in  medial-lateral  joint  space  opening  in  extension 
than  in  flexion. 

3.3  Femoral  preparation 

The  alignments  of  the  femoral  intramedullary  rod, 
the  anterior  cutting  block,  the  distal  cutting  block, 
and  the  final  component  were  measured  relative  to 
the  femur.  The  knees  in  this  study  had  an  average  of 
7.5  + 1.5  anatomic  valgus  prior  to  surgical  prep¬ 
aration.  Post-operatively,  the  femoral  component 
was  positioned  in  2.2 +  5.2°  of  flexion,  1.0  +  4.4° 
valgus,  and  0.2 +  2.4  of  external  rotation  with  respect 
to  the  mechanical  and  medial/lateral  axes  of  the 
femur. 

The  alignments  of  the  femoral  instruments  were 
measured  during  the  surgical  procedure.  On  average, 
errors  in  the  insertion  point  of  the  intramedullary 
rod  caused  it  to  be  positioned  1.2  +  3.2  mm  lateral 
and  2.6  +  8.4  mm  posterior  to  the  projection  of  the 
actual  intramedullary  axis  on  the  distal  femur.  In 
alignment,  the  intramedullary  rod  was  angled 
0.7  +  3.6  anterior  (flexion)  and  6.2 ±2.1  lateral 
(varus)  to  the  anatomic  axis.  In  the  sagittal  plane,  the 
anterior  cutting  guide  was  positioned  in  2.4 +  6.2°  of 
flexion  and  the  distal  cutting  was  positioned  in 

3.7  +  6.1  of  flexion.  In  the  transverse  plane,  both  the 
anterior  cutting  guide  and  the  posterior  cutting  guide 
were  externally  rotated  2.7+12.1°  and  2.2  +  12.4° 
respectively.  The  distal  femoral  cutting  guide  was 
positioned  in  1.1  +2.0  varus.  While  the  mean  values 
for  these  alignments  are  not  far  from  the  intended 
configuration,  the  extreme  variability  should  be 
noted  (Table  1). 

3.4  Tibial  preparation 

The  alignments  of  the  tibial  extramedullary  rod,  the 
tibial  stem  punch,  and  the  final  component  were 
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Table  1  Instrument  and  component  alignment  errors 


Goal 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Tibial  EM  rod 

(  +  )varus/(  -  )valgus  (deg) 

0 

-0.1 

3.1 

5.8 

3.9 

(  +  )anterior/(-)posterior  slope  (deg) 

-3 

-4.4 

3.8 

-13.0 

1.2 

(  +  )medial/(-)lateral  position  (mm) 

0 

1.4 

13.9 

-21.5 

27.2 

Tibial  punch 

(  +  )internal/(- External  rotation  (deg) 

0 

-8.1 

14.5 

-39.4 

16.3 

Distal  femoral  cutting  guide 

(  +  }varus/(-)valgus  (deg) 

0 

1.1 

2.0 

-1.8 

3.2 

(  +  )internal/(-)external  rotation  (deg) 

0 

-2.2 

12.4 

-22.5 

27.7 

(  +  )flexion/(-)extension  (deg) 

0 

3.7 

6.1 

-5.6 

12.2 

Anterior  femoral  cutting  guide 

(  +  )intemal/(  )external  rotation  (deg) 

0 

-2.7 

12.1 

-22.5 

26.1 

(  +  )flexion/(- Extension  (deg) 

0 

2.4 

6.2 

-6.9 

11.9 

Femoral  intramedullary  rod 

(  +  )mediaI/(-)lateral  position  (mm) 

0 

-1.2 

3.2 

-9.1 

2.8 

(  +  )anterior/(-)posterior  position  (mm) 

0 

-2.6 

8.4 

-19.9 

12.4 

(  +  )varus/(  -  ) valgus  (deg) 

0 

6.1 

2.1 

2.1 

8.6 

(  +  )flexion/(- Extension  (deg) 

0 

0.7 

3.6 

-5.5 

6.8 

Femoral  component 

(  +  )flexion/(-)extension  (deg) 

0 

2.2 

5.2 

-8.5 

9.3 

(  +  )varus/(  -  )valgus  (deg) 

0 

1.0 

4.4 

-6.5 

8.9 

(  +  )internal/(-)external  rotation  (deg) 

0 

-0.2 

2.4 

-3.0 

3.2 

Tibial  component 

(  +  )anterior/(-)posterior  slope  (deg) 

-3 

-1.2 

3.2 

5.9 

5.8 

(  +  )varus/(-)valgus  (deg) 

0 

2.2 

2.0 

-1.6 

6.5 

(  +  )internal/(-)extemal  rotation  (deg) 

0 

-7.4 

13.2 

-32.6 

13.6 

measured  relative  to  the  anatomic  and  medial /lateral 
axes  of  the  tibia.  Post-operatively,  the  tibial  compo¬ 
nent  was  aligned  in  1.2  ±3.2°  of  posterior  slope, 
2.2  ±2.0°  varus,  and  7.4  +  13.2°  of  external  rotation 
relative  to  the  tibia.  The  intraoperative  measurement 
of  the  extramedullary  cutting  guide  showed  it 
positioned  in  0.1 +3.1°  of  valgus  and  4.4  +  3.8c  of 
posterior  slope.  In  addition,  the  cutting  guide 
was  positioned  1.4  +  13.9  mm  medially  to  the  centre 
of  the  tibia  plateau.  The  tibial  stem  punch  was 
inserted  externally  rotated  8.1  +  14.5°  (Table  1). 

3.5  Performance  evaluation 

A  system  that  quantitatively  assesses  all  alignment 
aspects  of  TKR  allows  objective  performance  evalu¬ 
ations  of  the  most  critical  aspects  of  the  procedure. 
For  example,  Fig.  4  shows  a  performance  plot  for  two 
variables  critical  to  successful  total  knee  replace¬ 
ment.  Because  healthy  knees  were  used  for  this  study, 
a  desired  alignment  outcome  was  the  restoration  of 
the  preoperative  varus/valgus  alignment.  The  post¬ 
operative  change  is  plotted  versus  the  amount  of 
imbalance  in  the  extension  gap.  Quantitative  criteria 
can  then  be  applied  to  assess  performance.  For 
example,  one  standard  might  be  that  the  varus/ 
valgus  angle  should  not  be  more  than  3°  in  either 
direction  from  normal  healthy  alignment  and  that 
the  difference  in  the  medial  and  lateral  measurement 
of  the  extension  gap  should  not  be  more  than  3  mm. 


Only  three  out  of  12  surgeries  met  these  criteria,  as 
shown  in  Fig.  5. 

Similarly,  the  accuracy  of  instrument  alignment 
can  be  quantified.  Figure  6  shows  a  performance  plot 
of  the  posterior  slope  of  the  extramedullary  tibial  cut¬ 
ting  guide  versus  the  flexion  of  the  intramedullary 
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Fig.  5  Data  points  recorded  from  the  12  surgeons 
participating  in  this  study,  superimposed  on  a 
performance  plot  of  the  change  in  the  tibio¬ 
femoral  varus /valgus  alignment  versus  the 
extension  gap  imbalance  during  application  of 
a  fixed  distraction  force.  The  outlined  area  rep¬ 
resents  the  zone  of  acceptable  performance  for 
these  performance  metrics 
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Appendix  B  -  Preference  Files 


SetupVerificationFemur:  Welcome  message  and  trial  that  can  be  used  to  verify  the  correctness  of  the 
initial  Administration  |  EditBoneData  and  Administration  |  EditToolData  through  real  time  display  of  bones 
and  instrumentation.  Trials  are  15  seconds  long  and  are  autosaved  as  STrainerSetupVerificationxxxx. 

PreOpAlignment:  This  preference  file  displays  a  message  that  a  neutral  alignment  recording  will  be 
performed.  After  the  recording  the  bones  are  displayed  with  their  software  generated  mechanical  axis 
(femur)  and  anatomical  axis  (femur  and  tibia).  Also,  the  derived  coordinate  systems  for  the  bones  are 
displayed  (Figure  X.X). 

PreOpROM:  This  preference  file  displays  a  biofeedback  window  with  flexion  angle  and  rotation  angle 
graphs.  Trial  will  terminate  after  maximum  flexion  is  reached  and  the  knee  joint  is  returned  to  less  than 
15  degrees  of  flexion.  Playback  is  automatic  with  flexion/extension  and  varus/valgus  graphs  together 
with  rollback  information.  The  surgeon  is  prompted  to  specify  targets  that  must  be  recorded  in  the 
report. 

IntactLaxityOO,  30,  60,  90:  The  purpose  of  these  files  is  to  collect  displacement  information  about  the 
joint  when  a  specified  toque  is  applied.  Displacement  indicates  how  tight  or  lax  the  joint  is  prior  to 
surgical  intervention.  This  preference  file  will  take  the  surgeon  through  a  series  of  trials  in  which  the 
shank  is  flexed  to  specific  angles  (full  extension,  30°,  60°  and  90°).  First  internal  and  external  rotation 
tests  are  performed  with  a  5  Nm  applied  torque,  then  varus  and  valugus  tests  at  10  Nm  of  applied 
torque.  The  user  is  provided  a  visual  and  auditory  signal  indicating  when  the  proper  combination  of 
flexion  and  torque  is  achieved  and  the  trial  ends  automatically  when  the  appropriate  conditions  are  met. 
Rotational  displacement  at  target  torque  is  the  output. 

IMInsertionAxis:  Records  trial  with  no  feedback  to  compute  deviation  between  the  'ideal'  (software 
computed)  femoral  IM  rod  insertion  point  and  the  actual  insertion  point.  Output  data  includes  AP  and 
ML  insertion  errors  and  AP  and  ML  angle  errors.  The  IM  rod  tool  is  used  to  take  this  measurement. 

DistalCuttingGuide:  determines  the  orientation  of  the  femoral  distal  cutting  guide  relative  to  the 
femoral  anatomical  axis.  Orientation  of  the  guide  is  reported  in  terms  of  flexion/extension  and 
varus/valgus.  The  plane  jig  tool  is  used  to  take  this  measurement. 

FemurDistalCut:  determines  the  orientation  of  the  femoral  distal  cut  relative  to  the  femoral  anatomical 
axis.  Orientation  of  the  cut  is  reported  in  terms  of  flexion/extension  and  varus/valgus.  In  addition,  the 
distance  from  the  plane  of  the  tool  to  the  most  distal  point  of  the  medial  and  lateral  condyles  is 
computed  and  reported  as  a  measure  of  depth  of  resection.  The  plane  jig  tool  is  used  to  take  this 
measurement. 

PosteriorCuttingGuide:  determines  the  orientation  of  the  femoral  4-in-one  cutting  guide  (used  to  make 
the  posterior  cut  of  the  condyles)  relative  to  the  femoral  anatomical  axis.  Orientation  of  the  guide  is 
reported  in  terms  of  flexion/extension  and  internal/external  rotation.  The  plane  jig  tool  is  used  to  take 
this  measurement. 
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PosteriorCut:  determines  the  orientation  of  the  posterior  condylar  cut  relative  to  the  femoral 
anatomical  axis.  Orientation  of  the  cut  is  reported  in  terms  of  flexion/extension  and  internal/external 
rotation.  Additionally,  the  distance  from  the  plane  of  the  tool  to  the  most  posterior  point  of  the  medial 
and  lateral  condyles  is  computed  and  reported  as  a  measure  of  the  depth  of  resection.  The  plane  jig  tool 
is  used  to  take  this  measurement. 

TibiaCuttingGuide:  determines  the  orientation  of  the  tibial  cutting  guide  relative  to  the  tibial  anatomical 
axis.  Orientation  of  the  guide  is  reported  in  terms  of  flexion/extension  and  varus/valgus.  The  plane  jig 
tool  is  used  to  take  this  measurement. 

TibiaCut:  determines  the  orientation  of  the  tibial  cut  relative  to  the  tibial  anatomical  axis.  Orientation  of 
the  cut  is  reported  in  terms  of  flexion/extension  and  varus/valgus.  Additionally,  the  distance  from  the 
plane  of  the  tool  to  the  tibial  plateau  is  computed  and  reported  as  the  depth  of  resection.  The  plane  jig 
tool  is  used  to  take  this  measurement. 

TibialComponentPlacement:  determines  the  internal/external  rotational  orientation  of  the  tibial 
component.  The  plane  jig  is  used  to  take  this  measurement. 

PostOpAlignment:  This  preference  file  displays  a  message  that  a  neutral  alignment  recording  will  be 
performed.  After  the  recording  the  bones  are  displayed  with  the  femoral  and  tibial  components. 

PostOpROM:  This  preference  file  displays  a  biofeedback  window  with  flexion  angle  and  rotation  angle 
graphs.  Trial  will  terminate  after  maximum  flexion  is  reached  and  the  knee  joint  is  returned  to  less  than 
15  degrees  of  flexion.  Playback  is  automatic  with  flexion/extension  and  varus/valgus  graphs  together 
with  rollback  information. 

ImplantLaxityOO,  30,  60,  90:  The  purpose  of  these  files  is  to  collect  displacement  information  about  the 
joint  when  a  specified  toque  is  applied.  Displacement  indicates  how  tight  or  lax  the  joint  is  prior  to 
surgical  intervention.  This  preference  file  will  take  the  surgeon  through  a  series  of  trials  in  which  the 
shank  is  flexed  to  specific  angles  (full  extension,  30°,  60°  and  90°).  First  internal  and  external  rotation 
tests  are  performed  with  a  5  Nm  applied  torque,  then  varus  and  valugus  tests  at  10  Nm  of  applied 
torque.  The  user  is  provided  a  visual  and  auditory  signal  indicating  when  the  proper  combination  of 
flexion  and  torque  is  achieved  and  the  trial  ends  automatically  when  the  appropriate  conditions  are  met. 
Rotational  displacement  at  target  torque  is  the  output. 
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Charles 

Sawbone2 


Surgeon 
SAB 

Surgical  Station  4 

Date  10/2/2009 


PreQperative  Limb  Alignment 


Flexion  Angle  (°)  0.7  °  Angulation  (Valgus+A/arus-)  -8.9  ° 

Rotation  (Ext+/lnt-)  6.7  °  Posterior  Tibial  Slope  5.0  ° 
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Alignment  Accuracy 


Flexion  (°) 

Valgus  Angulation  (°) 

External  Rotation  (°) 

Target 

0 

Target  5 

Target  3 

Actual 

-2.1 

Actual  3.4 

Actual  4.9 

Lateral  Displacement  (mm) 
-2.1 


Tibial  Component: 


Posterior  Tibial  Slope  (°) 

Target  _ 5 _ 

Actual  0.9 


Varus  Angulation  (°) 

Target  _ 0 _ 

Actual  0.6 


External  Rotation  (°) 

Target  _ 0 _ 

Actual  7.7 
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Deviations  From  Planned 


Med/Lat  (mm)  5.9  Ant/Post  (mm)  -11.9 


IM  Rod  Ant/Post  Deviation  0.35  ° 


IM  Rod  Med/Lat  Deviation  -1.30  ° 


Femoral  Distal  Cutting  Block 
Accuracy 


Frontal  Plane  Dev  from  Target  (°) 


Femoral  AP  Cutting  Block 
Accuracy 


Transverse  Plane  Dev  from  Target  (°) 


Femoral  Distal  Cut  Accuracy 

Flexion 

Targets 

0.0  0 

Relative  Guide  Alignment 

2.1  ° 

Valgus  Angulation 

5.0  0 

2.9  °  (varus) 

Flexion 

Targets 

0.0  ° 

Relative  Cut  Alignment 

-2.1  ° 

Valgus  Angulation 

5.0  ° 

1.6°  (varus) 

Femoral  A/P  Cut  Accuracy 

Flexion 

Targets 

0.0  ° 

Relative  Guide  Alignment 

-0.7  0 

External  Rotation 

3.0  ° 

2.3  0  (external) 

Flexion 

Targets 

0.0  ° 

Relative  Cut  Alignment 

-2.4  ° 

External  Rotation 

CO 

b 

o 

1.9°  (external) 

Resection  (mm)  Lateral  Medial 

Distal  Cut  _ 7.4  9.4 

Posterior  Cut  8.2  10.2 


Tibial  Preparation 

Targets 

Relative  Guide  Alignment 

Posterior  Slope 

5.0  ° 

2.5  °  (anterior) 

Varus  Angulation 

o 

O 

© 

1.1  °  (varus) 

Relative  Cut  Alignment 

Posterior  Slope 

5.0  ° 

4.1  °  (anterior) 

Varus  Angulation 

o 

O 

d 

0.6  0  (varus) 

Actual  Cut 

External  Rotation 

o 

o 

0 

7.7  °  (external) 

Resection  (mm)  Lateral  Medial 

Tibial  Cut  10.0  7.2 
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Postoperative  Limb  Alignment 

Absolute 

Change 

Flexion  Angle  (°) 

1 

o 

p 

CO 

i 

CO 

o 

Rotation  (Ext+/lnt-) 

-0.4  ° 

-7.1  ° 

Angulation  (Valgus+/Varus-) 

-5.1  ° 

3.8  ° 

Tibial  Slope 

0.9  ° 

-4.1  ° 

Appendix  D  -  Supporting  Instrumentation  Developed  and  Fabricated  In 
House 
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Interchangeable  Flag  System 

A  flag  system  (base  to  attach  reflective  markers)  was  needed  to  track  the  three  dimensional  positioning 
of  measurement  tools,  bones  and  prosthetic  implants  during  surgical  training  sessions.  Several  criteria 
needed  to  be  met  in  terms  of  marker  array  flags  used  for  tracking:  (a)  that  marker  arrays  be  rigidly 
attached,  (b)  there  needed  to  exist  at  least  19  unique  flag  array  combinations  with  sufficient  variability 
so  as  to  be  recognized  as  unique  by  the  camera  system,  (c)  a  marker  array  needed  to  consist  of  no  less 
than  3  markers  with  no  camera  system  limitation  for  the  maximum,  (d)  the  marker  array  needed  to  be 
sufficiently  small  as  to  not  interfere  with  the  surgery  and  (e)  the  marker  array  base  needed  to  have 
dimension  (i.e.  not  be  a  flat  surface).  Markers  attach  to  rigid  posts  which  interface  with  the  threaded 
holes  in  the  base.  Figure  D.l  illustrates  the  CAD  and  physical  models  of  the  interchangeable  flag  system. 
The  flag  was  fabricated  with  a  CNC  vertical  machining  center  (HAAS,  Oxnard,  CA). 


h -  3!< - H 


Figure  D.l.  Interchangeable  flag  system  (A)  CAD  model  (B)  physical  model 
Detachable  Mounting  Plates  for  Cadaveric  Flags  and  Sawbone  Models 

The  detachable  mounting  plates  were  designed  to  meet  the  challenge  of  storing  and  performing  CT 
scans  of  the  specimens  prior  to  the  training  sessions.  To  ensure  accuracy,  there  could  exist  no  deviation 
in  the  position  of  the  marker  flag  array  between  the  time  of  specimen  CT  and  the  surgical  training 
session.  Additionally,  the  markers  themselves  had  to  be  removed  prior  to  freezing  the  specimen  after 
the  CT  was  performed.  A  system  was  created  to  allow  the  marker  array  flag  to  detach  from  the  bone 
with  the  ability  to  reattach  the  flag  in  the  same  position  for  the  surgical  trial.  The  system  consists  of  a 
bone  plate  which  is  rigidly  attached  to  the  bone  or  sawbone  (Figure  D.2  (A)).  The  universal  flag  mates  to 
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a  post  that  mates  to  the  bone  plate  (Figure  D.2  (B)  and  (C)).  The  bone  plates  were  fabricated  with  a  CNC 
milling  machine. 


Figure  D.2.  Detachable  mounting  system:  (A)  bone  plate,  (B)  bone  plate,  post  and  universal  flag  CAD  model  and  (C) 
physical  model  with  reflective  markers  attached. 

Positional  Tracking  Tools 

Two  positional  tools,  the  plane  jig  and  intramedullary  (IM)  rod,  were  designed  and  fabricated  on  the 
CNC  vertical  machining  center  (HAAS,  Oxnard,  CA)  to  track  and  determine  the  position/orientation  of 
the  surgical  cuts,  surgical  instrument  placement  and  implant  component  placement.  The  plane  jig 
(Figure  2.3)  has  two  faces  (planes)  available  for  measurement.  Either  plane  can  be  used  to  take  any 
measurement.  The  plane  jig  has  an  assigned  coordinate  system  in  the  software  so  the  appropriate 
measurement  is  computed  by  determining  the  plane  jig  position  with  respect  to  anatomical  landmarks 
defined  by  the  software.  The  IM  rod  (Figure  2.4)  is  the  positional  tool  used  to  locate  the  position  of  the 
drilled  canal  on  the  femur  to  allow  the  insertion  of  the  surgical  IM  Rod  (Figure  2.5).  The  IM  rod,  like  the 
plane  jig,  has  an  assigned  coordinate  system  in  the  software  so  that  the  appropriate  measurement  is 
computed  by  determining  the  IM  rod  orientation  relative  to  femoral  landmarks  defined  by  the  software. 
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Figure  2.3.  Plane  jig  positional  measurement  tool:  (A)  CAD  model  and  (B)  physical  model  with  marker  flag 
attached. 


Figure  2.4.  IM  rod  positional  measurement  tool:  (A)  CAD  model  and  (B)  physical  model  with  marker  flag  attached. 


Figure  2.5  Surgical  IM  Rod. 
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Appendix  E  -  Zimmer  Nex-Gen  Surgical  Technique 


zimmer 
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Surgical  Technique 
For  MIS  Multi-Reference 
4-in-l  Femoral 
Instrumentation 
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2  I  /Imrripr  MIS  MnIN -Rfrfetpnca  4 'In- 1  NriNJial  In^irurrirnUilltin  Smgkal  TdlhFque 


O  Insert  and  Secure 
Mini  Distal  Femoral 
Cutting  Guide 


Set  External  Rotation 
(Anterior  Referencing) 


Set  External  Rotation 
(Posterior  Referencing) 
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0  Place  Femoral  Finishing 
Guide;  Adjust  M/L&  Pin 
(Anterior  Referencing) 


Finish  the  Femur 

1.  Anterior  condyles 

2.  Posterior  condyles 

3.  Posterior  chamfer 

4.  Anterior  chamfers 


65 


Introduction 

Nd  lC-pSSIiiL  tntdl  tun**  OflhropLdSty 
depends  in  part  rm  n*  establhUmeirt 
□f  normal  lower  eidremlty  alignment, 
proper  Implant  design  and  nnenUllan, 
-vi-^uFif  trap  I  eta  I  Fia4.il  n  in,  ontj  WfltqUdta 
soft  tissue  balancing  and  stability,  lhu 
NvxiitiTi  C  vunnlnLi!  Kneu  Sululiiin  arid 
M\sttt  fl"ffererwff4  in  i  InslTunaenis 
ar>-  designed  L r?  help  Eh*  surgeon 
aturniplIsFi  Ihfw  gn:jK  Eiy  crnnhinliisf 
optlmAi  al ignropnl  :Llcli racy  w rh  a 

■riniji|rL  '.I  i  illy  Til  EMWff  d  t^tlhnlqUn, 

I  lip  111  str  HiWfll  ■>  ^nd  t*C  hill  i|m^ 
assisl  Eh  r  surg?un  in  restoring  thr 
LvnlHrrtfihe  hip*  ktn'i',  und  ankle  rn 
Li?  an  a  straight  Lin?.  establishing  a 
nfulral  median  icataMb.  The  Femoral 
aruMIhitil  (nrnpnttehK  are  nrletf  *«l 
perpendicular  I  o  this  axis.  Femoral 
mMnih  is  ilHtirlklthed  Wllflglhe 
pailirtor  cninsyli-s  nr  pplcondylar 
axis  as  a  TcFMm?,  Ihe  In  sir iimen  Ls 
piumule  accurate  nils  toheflp  ensure 
s-ewe  componejil  Fixation.  Ample 

amponnir  Uifv  allow  wh  lisuit 

balancing  with  appropriate  soft  1 1  hue 

release. 


III?  Femur.  iihl^«  end  pati'lLri  in* 
prepared  independently,  and  can  bn 
ml  In  any  seqUC nte  u  si  njj  I tu-  principt e 
i  4  measured  resection  (removing 
i,i|i.iiijg;h  h^telBrftoWfppIttCtttlrltl 

fry  ikK  rMMsm?sK).  AdliiMmtni  tut* 

may  be  needed  taler. 

lh*>  Motif  Rc[wfcrK€  4  In  1 Instruments 
provide  .i  choke  i>l  either  anliriar  nr 
posterior  rvlerenci  ng  techniques  lor 
makln|  lh*  Temriml  FlnisMng  cuts. 

The  anterior  referencing technique 
wsetthr  nnterkir  owl**  In  %et  the  A/H 
iwmitk«i  orthf  Fi-mr>ral  tompgneM- 
IFh*  posterior  con  dyle  ml  Is  variable 
The  posterior  rr-Ferendng  Tethii!  que 
u  ses  1  he  posterior  condyles  tn  sel 
Ihi'  A/i3  puritan  erf  the  tenunnl 
component.  The  variable  cut  is  made 
anteriorly. 

lFre  Minl  lndbirtn  T*!A  technique 
has  ti  immi  lipm-toped  in  combine 
the  align  men!  gnyfr  id  i>  >ui  |  knee 
.|i|hmp|;i%|y  Willi  Lp^  dlsFUpHofl Ijf 
soft  1  is  sue.  To  accommodate  thi  s 
\i'\  hnllfUt,  sultte  or  TFteiifffcllidl  Muffl 
J^/iasflpe  4  |n  1  Insli  uNientv  hays 
tenn  modtfirdL  Howew*  ir preferred,, 
a  standard  liitkiun  can  be  used  wllFi 
The  inslmmentb.  Hri.  <r  In  using  a 
smaller  mcNritMIte  ^tmnUl 

be  familiar  with  Implanting  NeriGen 
components  [Finnish  a  standard 
bidilofl. 


Total  knee  arthroplasty  using  a  less 
iuVaaiw  1rt  hiiP[ur  h  united  lur 
nnikcibese  patients  wllik  preaperutlve 
flexion  greater  Ilian  PO-.  Tallents  wilfi 
varus  deform  Hies  greater  Ilian  I?1  or 
valgu  s  deform  ih  e  s  greater  I  ba  n  1 1* 

arrlyptf.ally  «io1  tiUdidalr*  fr»r*r 

MIS- technique. 

Pkase  refer  ItHhe  packog^  ii  suits 
frur  complete  produCl  Fnlonnalkm, 
induding  Quilnklndlcatlans,  warnings, 
prrmminuy,  iBid  udverVeeFIrtls. 
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Preoperative  Planning 

6H*  trtr  li-mpLatr-  ii¥*rUry  (swilabii* 
Ehjnugl'i  >v»Lir  ^mmpr  Ifapr^enEal  rv-p) 

In  iHfnilHir  tft*  iiHwiM-h  If* 

i -in. jl  iiniic  ii.vi'i  uri  J  llii*  im#dHnmri 
ojK  Thb  wijlewilbe  ruprodiicH 
ifilrdupi'fdlivi-ly.  ThK surgical UTliiilqu i' 
hplp'i  Ihr  surgeon  -nniurp  dial  the 
i|j%MI  IrpiiH  Hill  tit1  tut  prrpFhiJIi  uMt 
En  thp  methanltal  a*K  and.afU’FstiFl 
Ihtu*  balancing,  will  !>■-  parade tto Ifop 
rpiedtd  cijrUu1  of  ihr  pRudinnl  lliria. 


Surgical  Approach 

Ihp  lemur,  IfehM,  arid  (MTfeMlfl  elb* 
p  repos'd  jndi>£MndPH1lyrdinJ  can  bv 
cut  in  a#iy  wqu+nt* W^ng  Eh** prindpt* 
>..■1  miM  >iir «■  iJ  rpwdkw  l  ivirii  rn  11  g 
mi  High  hnriii  pi  allnwri'plinrirn'nr 
li ff  Lhr-  pFi.isIhi'  wM.  Ad|u  v\  iruTit  cul  c 

may  b*  n^pd^d 


H'-i  r 
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Patient  Preparation 

To  prepare  the  limb  For  M  IS  total 
knot?  jrTliroiAiMy,  adequate  muscle 
Motion  is  required.  This  may  ho 
accomplish  ed  mdi  a  short-acting 
nondepolarizinginusde  fotauant.  The 
anesthesiologist  should  adlust  the 
medication  based  on  the  paipait's 
habitus  and  weigh!,  and  adminblef 
1o  iiduce  adequate  muscle  paralysis 
fora  minimum  of  30-40  mirwies.  li  is 
imperative  I  hat  the  muscle  retaxani 
bolnlected  prior  lo  inf  Lallan  of  the 
loumiquot.  -Mtefnarivelv,  spinal  et 
epidural  anesthesia  should  produce 
adequate  muscle  relaxation, 

I  desired*  apply  a  proximal  thish 
tourniquet  and  Inflate  It  with  the  knee 
■1  Fi'/perlleitioii  lu  maxi  mi  ze  Uidfl 
portion  of  tho  quadriceps  that  Isbell 
It le  level  of  the  Lourrnquel. 

Oncoihe  patient  is  draped  and  prei>ped 
onihe  operating  table.  determine  lhe 
landmarks  For  llio  surgical  intisioii  wilh 
dre  teg  in  extension. 


Incision  and  Exposure 

rhe Incision  may  he  made  with  the 
let!  iri  ralenskiiior  llenon  depending 
on  surgeon  proffprcnce,  Ihe  ^tngtmn 
can  cheese  a  midvaslus  approach,  a 
subyastus  approachhof  a  parapatellar 
medial  arthnofomy.  ^se,  depending  on 
surgeon  pr^ereina*,  the  patelU  can  be 
either  *wrt*d  orsuWuxed- 

tio  length  of  the  incision  is  dependent 
on  the  size  of  the  Femoral  compiin  end 
neededL  Although  the  a*a.l  of  a  Mis 
technique  Is  to  compile  the  snidery 
wflli  dii  approximately  10cm  14cjii 

intisioiMl  mw  be  necessary  to 

extend  the  incision iF  visualization  is 
inadequate  or  if  eversion  of  the  patella 
Is  net  possible  wtlheut  risk  of  avulsion 
£  lliehbidl  tubercle.  II  The  incision 

must  he  extended,  n  i*  atMsaMe  to 
extend  il  p’adualyaridonlyto  Lhe 
decree  necessary,  me  advantage 
oFa  Ml^  technique  Is  dependent 
on  tikiinteL'irling  the  extensor 
mechwbin  inscTtion. 

tilakea  sLigFrlly  ebllque  parapaLefllar 
skin  inci  si  on,  beginning  approximaiety 
3cm  proximal  and  medial  to  the 
superior  pole  oflhe  patella,  and  extend 
||  approximately  lthun  to  the  level  of 
lhe  superior  patellar  tendon  insertion  at 
the  center  of  thetlbtiJ  tubercle  [Fig.  13. 
BecareFul  to  avoid  disruption  of  lhe 
tendon  insertion,  IKswill  facilitate 
access  to  Thivvashjs  medial  Is  ohlbqulsp 
and  allow  a  minimal  split  oF  the  muscle. 
II  will  also  improve  visual Nation  of  lhe 
lateral  asped  of  Ihetolnl  obliquely  with 
ihe  patella  owned,  lhe  length  of  the 
Incision  should  lie  abrml  SOfe  above  And 
SCV& below  The  joint  line.  II  the  length 
of  lhe  incision  is  not  distributed  evenly 
relative  to  theiolni  line,  it  is  preferable 
ihai  me  greater  portion  be  distal. 


Divide  (he  subcutaneous  tissue  to  lhe 
Level  oF  the  retlnaoJum. 

MOTE;  Using  eleoroi^uioryio 
Cjamptetethn- exposure  will  help 
minimise  breeding  alter  deflation 
of the tourniquet,  as  well  as  I  ate  muscle 
bleeding. 


Fig.  ] 
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Adi  5  M  i  dvas  tu  s  A  pproac  h 
Hike  «  medial  urf.imnoM.Lr  incHlwi 
rifely  U'io  capsule,  preserving 
dPUNwanidlety  lcin  or  periCentm  and 
*  jiU^jUi  medial  lo  Nio  patellai  london, 
Thia-  is  import  ant  lo  I  .n:  ili  I  .lie  out  n  del  p 
capsular  ctawre. 

the  supE’ifklal  rnnvrdapng 
Irf’Ci  h  ol  the  quadrkein  musde 
ppicuIjinMiKlv  in  4  j  if r.ijnnl  dtfrMJiuri 
w«  i  length  or  iVPrdJTn4lplv  6cm. 
it**  will  moMIl  ip  iho  qutdricpps 

rind  iiilow lor  sigrtricanlLy  greater 
Liief-il  rrirtdason  el  themusde  virile 
minimi  fin  g  tension  onlhe  tutelar 
lendon  Ins  whom 

5cAli  Ita*  vastus  medians  ofaftqufc 

apprcudmaioly  lAan  Inn  1 1  lg.  Jt_ 

Lh*  blunt  dissection  to  tindermino  rho 
Jew  hiclyionapprtwumdlety  ]jjii  Jem 
rfoundttitptfill* 

SHgtHly  Fli'K  t\w  knee  jnd  remove  the 
Tlieprfella  ■Lfinbe  either  evened 

wsibUiwd.  Iftwriingltopirtlfl. 

release  the  IdUeial  pdleHoFenroral 
fcgdinerit  to  P.o:iiii,ne  lull  amnion 
and  lateral  1  ranslatlwi  d1  1  he  pardla. 
Tlw.-ii  id-j.1  h- irKf  held  three  pronged  or 


two  pronged  lohpffln  to  gantlv 
wen  lliepalella.  Li*  cartful  la  avoid 
diiuptlnsthe  &ti«tsor  insatiwL 
la  help  evert  I  lie-  palrdla.  slowly  Hp* 
the  loiiiEand  eiferrijlly  raEdleEhe 
tthiawliil*  drying  -gontl^pr^yjfi?. 
Once  the  patella  |s  everted,  use  a 
standard  si  ze  Hdmann  riridw  <w 
two  ^iirtll  Hohmaim  rrirddory  along 
the  larw.il  llaro  dI  the  liWnl  nPUptiysli 
IP  in.iirn.iln  tlheeyeision  tflfon  paidfj 
and  rheetien-ser  mechanism. 

»Qf  E-  It  h  I  iripepatlve  i#  n  Mi  m  rfi  i 
riese  obs.prv.il  Lon  ol  theparettar 
tendon  througivMPEllie  procedure- lo 
that  tension  on  rho  rendwt  h 
minimised ,  especially  during  emersion 
of  lit?  patella  and  mWminjj  of  the 
parlent. 

him  low  any  largo  paM  l.i  r  osEeciptnUes, 
Release  Hie  aiHenor  cruciate  li  gament. 

irpftHflL  R-rlpnn  a  ^ftfEroslfcll 

dissection  ataEtglheproxJmiil  medial 
and  Uierrf  tibia  lailte level  of  ihe 
IKhridi  twidori  (r^ofllort  rhon  pnrfonn 
.i  limit  ml  release  ol  ilielatem!  l  at  hide 
fettttun  frmrsti  ipiwipiiilrilcnlzo 
Ions  I  on  on  the  rudensw  mechanism. 


flp  3 
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MIS  Subvaitus  Approach 
roe  subvastus  madialathrotoinv 
has  been  slightly  modiFled  to  option  xe 
iiiiriiiridiLly  invasive  surety.  It  provides 
excel  li-i'il  raposw  for  KA  wtlllfl- 
preserving  all  Four  dltadmefis  ol 
ihe  quadriceps  to  the  patella  itus 
approach  does  iMrt  require  paieltor 
eversion,  minimizes  disruption  oF  the 
suprdtp^lelUirpuucFi,  and  racilildiLes 
rapid  and  reliable  closure  of  the 
knee  joinl. 

Direct  the  subcutaneous  tissue  down 
id  Ui  not  through  die  tada  (hat 
overlies  the  vastus  modialh  musrlo. 

Identify  ihe  inferior  border  oF  Ihe  vastus 

mediate  mutt!eh  and  incise  the  fascia 

Hi  approximately  ^onro&m  medial 
id  (he patellar  boitler  (F\g.  3)  to  Allow 
a  finger  to  slide  under  the  mijsde  heIFy 
Ud  on  top  or  theuMderlving  synovial 
Sning  of  the  knee  Joint.  use  the  finger 
lo  pull  Ihe  vastus- medi  alls  ohli-nuD 

muscle  superiorly  and  maintain  slia* 

tension  on  the  muscle. 

Useeletfrocauteiv  to  free  the  vastu* 
medial  is  From  its  continence  with  Ihe 
medial  retinaculunh  leaving  a  small 
arff  oF  myoFasdal  1 1ssue  attached  lo  (he 
lilehor  border  ol  iFio  vaslus  medial i^ 

The  ion  demons  portion  of  the  vastus, 
medial  is  extends  distally  lo  insert 
at  the  midpole  of  the  medial  border 
of  the  patella,  fee  careful  to  preserve 
lhat  portion  id  Ihe  lend  oil  lo  proLect 
ihe  vastus  medialis  muscle  during 
siiisequEfit  steps.  An  incision  along 
ihe  inferi  or  border  of  th  e  vastus 
medialis  to  the  superior  pole  ef  Ihe 
patella  will  revtdL  inaiear,  spllth  or 
ma-reration  oF  the  mnsde  by  retracters. 
hdsethe  underling  synoviumm  a 
sligln.fr  more  proximal  position  than 
is  typical  with  a  standard  subvaslus 
approach.  Ibis  toil  allow  a  Two- layer 
closure  of  the  iolnil .  Ihr-d  pep  layer  will 


!» the  syiwviumt  while  the  superficial 
layer  will  be  the  medial  retinaculum 
and  the  myofascial  sleeve  of  tissue  ilui 
h.ft  heen  left  attached  lo  ihe  Inferior 
border  ol  tFie  vaslus  medialis. 

Carry  the  synovial  inflsion  to  the 
medial  border  of  Ihe  patella.  Then  turn 
diiecilyinferiorly  le  follow  Ihe  median 
Itorder  oF  the  patellar  lendon  to  the 
proximal  portlomd  iFielibid.  Elevale 
the  medial  soft  (issue  sleeve  along  the 
proximal  tibia  in  a  standard  Fashion. 

Place  a  br-nt  -I  I  olimann  refractor  In 
die  lateral  sutler  and  lever  it  against 
the  robust  pd  ge  of  rhe  tendon  Thai 
has  been  preserved  lust  medial  and 
superior  to  the  patella.  Retract  the 
patella  and  Extensor  mechanism 
Into  Ihe  lateral  gutter..  IF  necessary, 
nmLilke (lie  vaslus  medialis  eitlier 
from  ll  s  und pitying  attatfimpnt  le  the 
synovium  and  adduclor  canal,  or  al  its 
supper  surface  when  there  am  firm 
attachments  of  the  everlvl  ng  fascia  to 
die  subcutaneous  I  issues  and  skin. 
Depending  on  suigewi  priference,  tho 
lal  pad  can  be  erased  or  preserved. 

Flex  the  knee.  The  patella  will  stay 
retracted  in  the  laneyal  gutter  behind 
Ihe  henM  I  ohmaim  retractor,  and  Ihe 
quadriceps  tendon  and  vaslus  rrwdialft 
will  le  over  the  distal  amen  or  portion 
oF  Ihe  femur.  To  improve  visualisation 
of  iVh-  distal  anterior  portion  of  (ho 
Femur,  place  a  thin  knee  retractor  along 
die  anterior  l  emur  ami  gtnliy  lift  the 
extensor  mechanism  during  critical 
steps  ol  the  procedure.  .Alternatively 
l>ring  the  knee  i  nto  varyi  ng  degrees  of 
extension  to  Improve  visualisation  hy 
decreasing  tFie  tension  on  llie  extaisor 
mechanism, 


%  3 
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Ml  5  JWled  laE  Pa  rapatella  r 

Art  finite  my 

MKMmrilly  Imasho 1  cA  a  I  knoo- 
irdlifiplistfHn  beverrarined 
wills  illm«*d  medial  parapalollaf 
arlhrotamy,  Bo$in  tip'  making  a  lUcm 
I4cn«  ttildlhi^  ifcln  Inctston  from  the 
superior  aspect  ol  l4io  1  it  -i.il  luborcle 
lo  (hr-  huppf iof  hordes  -of  t In-  pate II j. 
f  nil  owl  1 1>;  sufjcm  ui*ti-DNv  dissection, 
dflvdop  medial  and  Iflipf  d  Flap^. 

<iml  dbsrcl  pr-QjdvriciUv  and  dislallv 
io  se  itie  Menwr  nwdiifihin . 

I  hi  4,  punii  niflhilij  allan  af  Site  skin 
■iml  sutotulaiMHHis  (issue  a*  needed 
firing  the  procedure.  In  addition,  *1* 
lhe  knee  in  Flexion,  the  Incision  will 

wretch  7cm  4an  duel*  Iho  tksneft  y 

of  the  skin,  allowing  broader  e-xpnsure. 

I  ho  -goal  of  minimally  invasive  swgory 
is  Lo  llmll  lhe  surfikdl  disseclion 
without  cwwomisingth^procfdufOL 
lhe  mr-dial  parapatellar  arlhrolomy 
h  used  io  wixrstftho  johil,  but  Hie 
proximal  division  of  the  mj.idncpi^. 
louden  should  Lte  limited  lo  ,t  lertglli 
lhal  permits  only  Iain. 1 1  suhlintaiion 
oi  Nip  jjii  tell  d  ml  hold  eyersloiMFIg. 

4j.  IncludieqiMdilcep^tefidofifor 
h  length  of  7cm-4cin  IfHtlalfcy.  Il  I  here 
b  difficulty  displacing  Hie  p. Kolia 
I ai « ally  or  if  rho  patellar  tendon  |*  ad 
nsk  ol  tearing.  Ml  end  lhe  arllirotamy 
pioclmaEly  .nonf  th^<madnc(fb 
tendon  until  adequate  enposuro 
h  acid  eyed. 


ng.4i 
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10  I  Zimmer  M.IS  Mulli-  Re'le re ncO  4-irt-l  iFeiUtiial  insimmefilalitkn  Surgical  iechniquH 


Step  One 

Establish  Femoral 

Alignment 

Usolho  Snwn  IM  Dili  w^sigpio+ill  a 
■  ::.o  in  the  ceiilerol  Ihe  patellar  sdlcus 
of  the  distal  femw  mg.  la)h  inking 
y»elhatthe  drill  K  parallel  to  the 
Jiijdl  -el  the  Femw  in  both  the 
anteropgstortor  and  l  ateral  prelections. 
Tilt  hole  shoutd  be  approximately 
one-half  to  oftfiOflnBiietef  mlerlof 
to  ihe  original  Ihe  posterior 
orudate  ligimenL  Medial  or  huerjl 
rfcsplaremonfc  ofrho  hde  may  be 
needed  according  la  preoperalive 
leiM^t  mg  of  iho  M P  r*di 0 graph. 


The  step  an  thedrll  will  enlarge  she 
entrance  hole  on  the  femur  10 i2mn. 
Ihis  yrill  reduce  intramedullary  pressure 
during  placement  oF  subsequent  IM 
guides.  Butfion  the  emlto  remoyo 
medullary  contents. 

The  Mini  Adjustable IM  Alignment 
Uiirle  Is  available  with  two 
htrasriedullarv  rod  lenmhs.  TFie  r-u-d 
on  (ho  standard  instrument  ft  229mm 
finches)  lofigandlhe  rod  an  the 
short  instruinem 

aichos).  t  hoose  tho  length  Frost  suited 
lo  iFie  length  ol  die  patlenfs  leg. 


which  +$ l  |  provide  the  most  acanraie 
reproducll  on  of  the  anatomic  axis.  If 
ihe  femoral  anatomy  has  been  alleged , 
as  In  a  femur  wi  Fh  a  king-stemmed  hip 
prosiFiesisor  with  a  Femoral  Fracture 
nMimion,  u^ethe  Adjustable  IM 
Ali^iment  Guide,  Short  and  use  Ihe 
options 1  e.K[r.i meduiarv  at  isniiwffl 
tedmlque. 

NQTL-  The  Mini  Atfustable  IM 
AJipfimefit  6md^  Short  CFig.  lb> 

Is  a  shonened  version  el  1h  e  Mml 
Adjusiable  IM  Ali^ment  Guide,  Long. 
When  She  Mini  Standard  Cut  Plate  is 
dilacliedtDlhe  Mini  AdjustaUelM 
AJipumnt  Guide-h  Short,  the  «mr- 
amount  of  bone  is  removed  as  when  it 
is  attached  to  the  Mini  AdjusHblalM 
Alignment  Guide,  Long,  This  Isdlfferenl 
Ilian  LFie  original  MUlLi  Reference  4-in 
I,  Micro  IM  Alignment  Gukta  145mm 
(6,^  Indhl  which  was  Intended  Tor 
urewith  Micro-  implants,  when  ihe 
Standard  Cut  Plate  was  attached,  the 
Micro  IM  Alignment  Guide  removed 
one  millimeter  less  distal  bone  than 
line  standard  Adjustable  IM  Ali  pin neriL 
Guide  w*th  the  standard  Cbt  Plata 
attached.  The  new  Mini  IM  Alignment 
Guides  Hccmnudale  the  nndlon  for 
line  Micro  Implants  with  rhr-MIni  Micro 
Cut  fHdLe. 


HQIb  II  is  preFeraNe  to  use  the  longest 
iiiMimdulUry  rod  to  help  ensure 

Ihe  most  accurate  refutation  off  Iho 
analomlc  Aids, 


Set  ihe- Mini  AdiustaNe  IM  Atignmenl 
Guide  to  the  prop#*  valgus  angle 
as  ctaiarmined  by  pmoperallve 
radiographs  CFieck  Lo  ensure  tFwt  Ihe 
proper  *T£i  ghr  or  “I  oft"  indit-Atlon 
(Tig.  ItO  is  used  and  engage  the  lock 
mechanism  (Fig,  id), 
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Tti*  Standard  Cul  Plate  mu*t  be 
attached  to  the  Adjustable  IM 
Alignment  Guidfl  for  a  standard  distal 
femo  ral  re  section.  Use  a  hw-h#ad 
screwdriver  Lo  li^hlen  theplaLe  on 
lhe  guide  pho r  to  usa  frigs,  le  S  1ft. 
bill  the  screws  should  be  loosened 
for  sterilization.  if  preferred,  remove 
iho  Stand  ardl  rj  n  PL  ale  if  a  slgndicant 
flexion  con  tractive  exists.  rhi  s  will 
allow  far  an  additional  Smmol  dlslal 
femoral  bone  resecllm 


NOTE:  Tli  o  Mini  Micro  Cul  Plate  can  l>o 
used  when  templatlnshas  indicated 
Vim  j  Micro  inipUiu  is.  likely.  When 
lhe  Mill  Micro  'Cut  FHali  I?  attached 
Lo  lie  MIS  AdjusLaUe  IM  Alignment 
Guido,  short,  on*  millimeter  tiring 
less  bone  Is  removed  However,  If  a 
significant  flexion  cofliradure  exists 
and  nr-  plate-  Is  tflached, an  addllional 
4in«n  will  be  renwved  compared  Lo  Lhe 
dhstfll fomwul  cut  *1i*u  fro  Mini  Micro 
Cut  Hate  is  dl ladled.  For  less  bone 
rejection,  adjustments  can  bo  mad* 
using  lhe  t?mm/ 2mm  holes  on  the 
Mill  DiiLdl  Cut  Giidfe 


Insert  the  !M  guide  iiioih*ho!e  in 
the  distal  femur.  I  f  lhe  epico  ndyles 
are  visible,  the  epiccrndyUr  axis 
may  he  use-ri  as  a  guide  in  sett  ing 
the  urieii-dli  on  of  Ll  le  Adjust  able  IM 
Alignment  Guide.  I  desired,  add  lhe 
Threaded  Handles  lo  the  guide  and 
position  the  handles  relative  to  the 
epicond^es.  This  dne-snot  set  rotation 
ol  the  femoral  coirvonaiL,  but  keeps 
tho^sul  out  0M*H*d  to  lh*  final 
component  rotation. 

Once  the  proper  orientation  i  s 
achieved.  Impact  the  IM  guide  until  ll 
seals  on  Hie  most  pfinniuem  condyle, 
Afliof  impacting,  check  lo  ensure  that 
the  valgus  SEttinghas  not  changed. 
Ensi**  ilul  th  e  glide  i  s  contadi  ng  m 
Least  one  distal  condyle.  This  will  set 
[fie  iroper  distal  I  m  ioral  resec  li  oi  l 

□  ptio  r  a  L  Te  rhniq  Lie ;  An  Extramedullary 
AAgnmatt  Arch  and  Alignment  Rod  can 
be  used  to  confi  rm  lhe  all  gp  merit.  I  f 
llis  is  anticipated.  idamif^the  cenrer 
of  the  femoral  head  liefrwi1  draping.  If 
exlrankeJulldry  aliguineiil  will  be  Like 
ot4y  mode  of  alignment*  use  a  psIiwiNo 
radio  pa (| ue  marker  In  combination  with 
m  A/Px-uiy  film  to  hetp  ensure  proper 
Location  of  1h  e  femoral  head. 
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SLepTwo 

Cut  the  Distal  Femur 

While  the  Adjkkvlahle 1  Vi  Ah grMiic-nl 
Glide  b  bn  ns  Inserted  by  llresurgrciri. 
Him  scrub  muse  should  attach  Ihe  Mini 
0  =4  ill  ftriior.il  Culling  Guide  lu Ihe  0* 
IJihJ.iI  *J|HceiiH*nt  fiuHje  II  lg,.  ?a|P 


Ensure  lhal  the  aHadiment  screw 
iHiihf,  m^rt  iheputai  piiiceftifrrt 
Guide  with  the  cutting  guide  lido  Ihe 
MWdyfe  iM  Alignment  Guide  until 
Ihecuttlngsuido  rests  on  Iho  anterior 
lefnwiil  cortex  iFirg.  2bl.  Tlie  Mini  Distal 
fernor-d  CtmMia  Bukteis  if  signed  ie 
help  avoid  ■sofl  tksue  Impingement. 


hi 


Opilo  nil  Technique:  Die  3"  Dbtdi 
Hacement  faide  can  be  used  lo  place 
llle  Mini  Ditf.il  FrmiN.iJ  Cullirht  Guide 
in  -of  fl  exion  In  ptol eel  1  he  anterior 

Cortex  1  rein  iHUding, 

bang  [hr  3 .2miiP  -drill  hil.  drill  hides 
ill  ■  i  ■  ■  1 1  die  c wo  tfandardplnlwle^ 
marked  “IT  in  lltt  interior  ^urlace  ol 
Hie  Mini  DNilI  Femoral  CuKIfpe  Glide, 
And  pi  ace  I  Chadless  1  lol  ding  Rns 
Hveu^i  Itic  Pwle*.  iFig.  2c), 


CormilcirlvlQo^ttnhe  Audmevi 
saw  I  l  lg.  3ijl  In  |  he  Distil  Hjcemmt 
Guide.  Hicn  usHhfiSLiptMinffiH 
i  xlfatfar  i  n  remove  the  IM  guide  .md 
HNeDbUl  m,.KmiL'li[  Guide  Ifli  2ft, 


ffc* 

Additional  2mm  adurtm  flits  maybe 
iPiade  by  using  iho  sots  of  holes  marted 
■lt7.  *2, and  ptft.  The  markings  on  the 
uil  I  mg  guide  IfhIIuIe,  In  rnlllirTHrters 
The  amou  nt  of  bone  rewcmnwch 
will  yield  relative  to  I  he  rtandard  distal 
rt^etflon  sH  l>viheA£lhssta.|;i|HM 
Alignment  Guide  and  SitfniJ.tNj 
Cut  M  ato. 

II  more  II  sal  Ian  is  needed,  use  two 
3L2mm  Headed  or  ppreslrlli  and 
Insert  I  wo  Hex  head  Holding  1-1  its  in  the 
Mnall  fltiftue  IW Ml  tfl^  mw  DKbil 


■L  ut  Ihe  dirt  at  Temur  I  luou  hJ i  1  he 
cutting  slot  in  ihe  cutting  guide  using 
a  1.27mm  riUJ'iO-inJ  oscillating  saw 
bf*de  (Hg,  2g).  Th  en  remove  ihe 

aiding  guide. 


I  rmoral  Culling  Guide,  ar  Silver  Spring 
Pltb  hmv  be  used  ih  Ihe  hi r^r  uWldnc 
holding,  2d), 


Fhe  IM  buJ dc  can  be  Ifll  In  place  during 
re  section  eTthedl  rtal  cond  yle,  taking 
camo  avBhJ  hiring  Itir  IM  rod  when 
using  (lie  osdllaling  saw. 


tlhedc  Ihe  flatness  or  Ihe  distal  femoral 
cut  wild  a  Hit  surface.  if  necessairy, 
niodlly  the  dltf.d  PelMOfal  surfac® 
so  Thai  It  Is  completely  Hal.  Thlsb 
tMrenwiy  fempMUrt  lor  rhe  ptocettwiil 
of  ^sequent  guides  and  lor  uron^ 
Plidiiheim0UnL 


iryau  pie ft* i  To  complete  tibia!  cuts 
prior  to  completing  the  Femur,  refer 
to  pa  72- 


Mep  Three 

Size  Femur  and  Establish 
External  Rotation 

FkiJtlk  kneeloGO^AlCddi  IheMIS 
Ihroaded  llandleio  the  Mini  A/R  si  ring 
Guide,  mi  id  pIacc-Hic  guide  Hal 
ilie  smooth  Fy  art  dl  tf.  ail  femur  (I  ig.  J  a), 
^jplylihc  guide  so  that  [he  flat  surface 
id  the  Mini  A/P  Si  jiis  Guide  Is  Hush 
against  th  ft  referred  si  i  rface  of  the 
tistaL  femur  and  iFielect  ol  [fie  Mini 
A/P Sizing  Glide  are  flush  against  the 
poster ior  condyles. 


Slide  the  body  oF Hie  Mini  A/P  Sizing 
Guide  along  the  shaft  to  Ihe  level  of 
rl i p  medullary  canal.  Position  the  guide 
medial  aterally,.  and  check  the  position 
by  looking  cFirovK.ii  both  windows  of 
Ihe  guide  to  ensue  that  the  medullar; 
canal  Is  not  visible  Hvoujh  eiiriet. 

NO  T  E:  Remove  ar  iy  osteophvies  ilui 
interfere  with  Instrumpnl  positioning. 

While  holding  the  Min  l  A/R  suing 
Guide  in  place,  secure  1h  e  stride  Lo 
llie  resected  di  sta  l  feinin  usin  g  short 
$.2mm  {1/8  inch)  Headed  Screws  or 
prcdrilL  a i id  insert  slum  head  Holding 
tins  into  one  orhofh  oFthe  holes  In 
Ihe  lower  portion  of  the  g  ui  do.  Do  not 
overtighten  or  the  anterior  portion  will 
i HR  slide  on  Ihe  dslat  femur. 


MIS  an.-  available  in  3  length* 
(27mm,  ,1.1  mm,  Liimm>_  Ihe  length 
needed  will  vary  deptfidinf  Oil  Hit 
patient's  bone  dimensions. 

NOTE;  Remove  the  Threaded 
Handle  before  v*ng  Ltie  Screw 
Inserter/E  xtrador. 

Slightly  extend  the  knee  and  retract 
soil  tissues  [a  ejqjosetFie  anterior 
femoral  cortex;  Ooar  any  soft  tissue 
from  the  anterior  cortex,  Ensure  that 
the  leg  Is  in  Lesslhan  W  ar  Flexion 
(FtP-SQP),  This  will  decrease  tiie 
tension  of  th  e  paLellar  tendon  In 
fadHafe  pfaewnent  of  the  guide, 

Attach  the  mis  Locking  &oom  to  ihe 
Mml  A/P  SI  ilng  Grids,  Ensurethat  the 
skin  does  not  put  ptessure  on  the  top 
of  Ihe  boom  and  potafllaUv  change 
Hs  position.  Theposllloci  oFthe  boom 
dictaies  ihe  exit  iHrint  of  the  anterior 
bone  cut  and  the  uftimale  position 
of  Ihe  femoral  component.  When  the 
boom  Is  appropnaloly  positioned,  lock 
ll  by  turning  the  knurled  knob  (Fig.  3b)- 


Ri'luJ  ihe  kino  rat  size  directly  troiri 
the  guide  between  the  engraved  lines 
on  Hie  sizing  r&w€r<R&  3c).  There  are 
elghl  sbes labeled  "A" Ihro ugh  HT’.lf 
[tie  indicator  iv  between  two  sizes,  Hie 
doses!  size  is  lyrically  chosen,  IF  using 
a  posterior  ref erencing  technique,  and 
[Fie  indicator  is  between  two  sizes, 
the  larger  sire  Is  typically  chosen  lo 
help  prevent  notching  ol  the  anterior 
Femoral  cortex. 


Fig-  3  c 


See  Appendix  1  for  alternative  MIS 
Telescoping  Locking  Boom  technique. 
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f  usings  posterior  ref-weroclng 
technique,  remove  th  e  Win  I  A/P- Slang 
On  Hie  and  simple  19,  "Step  Four  - 
iHiKh  the  Femur,  Posterior  Kr-r^ronci  ng 
Technique." 

There  sre  four  External  Rotation  Pistes? 

073*  Left,  <p/3»  (tight,  5*/7*  Left, 

and  Ff?”  Right.  aioose  the  External 
Rotation  Hate  that  provider  the  doored 
Vernal  rotation  lor  the  appropriate 
knee.  Ttw  CP  oprem  can  be  used  when 
positioning  will  be  determined  by  the 
A/P  axi  s  or  die  epicondylar  axis.  U  se 
die  y*  option  for  vams  knees.  Lise 
die  option  lor  knees  wicb  a  valgus 
deformity  from  W  to  13°.  The  T 
option  requires  a  standard  esposwe, 
and  isforkiws  with  patetlofeinotal 
disease  accompanied  by  bone  less  and 
valgus  detennilv  greater  Chan  K|Hr\  In 
ih»s  css.?,  use  the  a/f1  arista  douW? 
ched:  rotation. 


Attach  the  selected  plate  to  the  Mini 
A/P  -Sizing  Guide  (fig.  >dj.  Place  two 
Headless  Holding  Pins  in  th  e  plate 
through  the  two  hole*  that  correspond 
to  I  lie  desired  eternal  rotation,  and 
Impact  them  ms  3eKL?avethe  plus 
proud  of  ihe  guide. 

NOTE:  Do  not  impact  the  Headiest 
IMldingtFHnsfliJ*h  with  the  E  flernal 
Roliiticm  Plate. 


Fig.  id 


CareM  attention  sh«ld  be  taken  when 
placing  the  headless  pins  into  the 
aHToprtateEUemal  Rotation  Plate  as 
these  pins  also  set  the  A/P  placement 
Tor  the  MIS  femoral  Finishing  Guide 
i  n  the  next  step  of  the  procedure,  it  is 
important  1o  monitor  the  location  of  Ihe 
arterlw  boom  on  the  anterior  cortac  of 
the  foinurlc.  help  ensure  the  anterior 
cuLwII  ri-u^  notch  the  lemur.  Posilioiiinji 
th?anierN¥boom  on  th*"ltighr  part 
of  1 1  io  lemur  by  later  alining  the  Location 
of  the  boom  cm  often  lessen  the 
Likelihood  oF  notching  the  Femur. 

Unlock  and  rotate  Cite  boom  o’l  Itie 
guide-  inscjially  until  |(  dears  the  mterfial 
condyle.  Ihen  remove  Lfie  guide,  but 
leav^thotwo  headless  pins.  These 
pins  will  establish  the  A/f1  position  and 
rotational  iitipTtfient  ol  die  Femoral 
Finishing  Guide. 


Fig.  ie 
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Firnirer  MIS  Mi  ilia- 

Pee  Q-in  1  l-e  mn nil  Instr ui m rbliilkm  Surgical  lediniqije 

■ 

5 

■ 

K 

Step  four 

Finish  the  Femur 


Anterior  Rcfereitdng  Technique 
SelwMtie  cewred  size  MIS  Femoral 
Hn  fill  In  it  Guide  i  :olof(*d  i  or 

■ t  lex  I  e  moral  I  ini  6 hi  n%  Lulde 
Isold  -colaretll  js  det-e-nni  ne-tf  hi 
iho  ii  ifdMjrermml  from  1  he  \{P 
Siting  Guide.  An  addiliondl  2mni 
fiPPfdHlnulel^  ill  bonds  remowd 
from  Ihe  pa-lwi or  condyle-  when 
using  the  Ftp*,  Ftifehim  Guide. 


fllWHi  iho  Itf  t  L  position  ofihe  FflfTiOfAl 
I  Hushing  tauldeks  sd  ,  use  the  Saw 
(nswtff/tjdriclcrf  to  IruvI  i  '3.2mm 
Header)  Screw  -:if  fredrlll  and  IiwhI 
a  He*  In.-dJ  Hatduk^  f^u  i  Ihrougfr  Lhe 
yjpoflo*  pifihok  on  ttio  hoveled  m4id 
side  or  lhe  m  i  i I d n*  ■•fpi  4bl.  1 1  ion  b&aae 
The  side  in  me  sinKmmneMf 
needed,  i*rt  r-diill  .4 1 1 d  Insert  two  short- 
head  Holding Pfcfc Throng lhe  Inlerior 
hoi*- on  aww  frHh  sidr*  <if  th^sut-diL 
For  i«3dl1ianal -stability;  use  fi.Smm 
5<iows  inttoHftwta. 


Rouwwe  mo  hrsidl^K-s  pins  from  Itio 
femoral  1 1  ni-hin  j  Guide  iflg.  4c  '■  with 
the  Hildas  Pin  Puller. 

the  lhe  Hf-^r-d  Ian  Guide  ihf eugft  the 
anierior  ainirig  slot  ol  I  he  Finishing 
gulda,  and  dn«rk  1 1  in  lihxJiji  and  lateral 
ftdes  lobe  sure  the  ail  will  nol  notch 
Kwopplerlof  lem&trd  cdtle^  CFitt-  ^tlh. 


I^B.i  cp-  1  hi-  Ti  ni  --I  ling  guide  onto  lhe 
dstdl  lemur,  over  lhe  headless  pins 
(Hit.  44.  ttfo  dederndn**  tlw*A/P 
position  and  relation  aMhe  guide. 
Remove  tuiy  Uderoil  u'.-l  eoplwles 
that  may  1  rti  erf  c*e  with  guide 
placement.  Position  EherinliJidivj! 
?i.i!dCJiiPdioJaierally|^  slicing  n  on 
lhe  headless  pin-,  Ihewfcfth  ol  l lie 
A  ni  siting  pJderefftMCHtfte  width 
of  the  ft'esch  wr  C%  Fernwril  Component. 
The  Mill h  aMlie  I  lea  Finish  ing  guide 
replicates  the  wldih  of  lhe  Myrfitf  n 
LPS.lPSfle*.  andLCflex 
Femoral  component*. 


He  j.i 
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lfi  /!  mrrier  MFS MmIN  Reteii? nc<*  4- In- 1  I  ftfhuhI ln*1mrrnmla|lim  Snigical  Ipdmlqui 


OpfSan^lUchniw 

To  chock  tht!  location  d1  the  jpHoiIw 
Oil  ill  "3  ■  J-t*  C  h?  r  I  r  w  1 1 M  jl  1 1  !-.i  C  -L  N II I  r :  mil 
aeon*  ^r-currl v  1  hn  I  odejng 

Boom  Ariii chir^ciifl  lelhc-ldto  o4  the 
flitiihrig  3ij|4^  A*iko  ttflalnttMl  Hip 
flttadimont  sJli  Flusti  wll  h  1  he  FemwaL 
HnUiknt  Guide  HU.  cwm«i  ihe 

MINI  OCtM'lg  liCnlll  I  1(3  Ihr-  .IlMiiMIlLMlI 
IF  is,  aJk  rhe  b™n  ndl  cjIk.  1  he  depth 
jr  wfyeh  i  h»  .uiiaior  [‘wkiejiI  cut  *W 
adl  llw  lemur. 


LP^e  a  1.17mm  ro.o&fHn.s  rurem, 
□wnlUring  srirt  Wide  Lo  ail  Ihe  remar-dl 
JMfiljelfl  the  rnltnnius  Sequence  Pot 
o|  H  ir i  L-il  ritslli  I  >/  q\  thu  nnhhtng  guide 
il~lafc4£l: 

I  Antprtdi  tortd^c* 


UMHho  1,17mm  ICLQHHnJ  mil Wt, 
reaprocalirifi  saw  blade  lo  cut  the 
biuof  ihelrodJl&ar  recess  tF'nt  4i> 
arnt  score  the  rd^p-h  -I  ig,  * jj.  ftpmcive 
the  IlirisliJrii  guide  Le  compete  Hip 
tiKtitar  recess  n<k 


:  Pastwloi  ctm  (foies 
;  interior  dfumrei 
:'i  Antony  chamfer 


Ti|.  -fil 


U*e  Ihe  Pal  ellar/l'emoral  fllf  IU  bit  lo  dc4ll 
llie  po-sl  hole's  iFis,  4liH. 


Ti(.  M\ 
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/irrmtfE  MIS  M  Lilli 

meg  4  hi  - 1  Fg  1 1 u  ml  Instm  1 1 0 nhil  Ion  Surg  k  u  1  hxhui  i  |uc 

17 

u 

Pttslerior  RifirirWing  TidmFRd# 

Soled  Ilk-  cof reel  lire  MIS  f^niur  dl 
Finishing  Guide  (turn  Mlwed)  vt 
Mis  FI en  Femoral  Finl<s4ii  ng  <^klcle 
(gold  tcS&red)  as  drtenrrtned  bv 
Iliein^asureiPmil  Iran  Ihe 
Siting  Guide.  An  flddJItanal  3mri 
laptNOKirrialtHyt  or  boric  i*  renmued 
from  th  r-  po  vl  er  Uw  comfylcs  nhen 
using  ihe  Ilex  fin!  sliing  guide.. 

Al Utli  1  he  Posterior  Rel  isence/ 
Reaction  Guide  In  Ihe 
lemoral  F  lrri>sli«ris  £ul  lJe-  I  FI  15,  4kl  Lock 
Ihe  femoral  rrosition  lecatoron  Ihe 
rwaiion  guldo  I*  ihe  ?erc  position  (Fig, 
rids  £oro  id  Ling  help*  Id  ensure 
in.ii.  ^hen  the  [eel  iife  flush  wllh  the 
puslcriDr  cartdvtas,  Hid  amount  ol 
posterior  bane  rBsottlwi  *tll  average 
ttmnwheu  using  rht  standard 
MIS  Fenrtral; Finishing  Guides,  and 
apffOjtifririMy  11mm  when  using  lit? 
MIS  FI  ex  Femoral  Fiihdilng  Gulden. 


v  /  fk.  \ 


FHatie  llte  I  i  nWhiPig  guide  on  l  ho  dinal 
fen lurjirlnglng  Ihe  fert  of  the  retailor  i 
guide  i  lush  again)!  Hie  posterior 
condvfes  or  the  lemur  (Fig-  Airfl- 


5-flf  the reflation  Cl  rhe  finishing 
guide parallel  lo-lhe  epice-nd  vhir 
*k»K  el keck  Hue  ra  alien  of  1  he  guide 
by  redding  the  angle  Indicated  by 
Ihe  Posterior  RerEfence/KoEaEtDn 
Guide.  Hie  epicQndylwIliiete  related 
edenuJLy  Cf*  to-tt*',  MM0!.  rdallye  In 

the  pwtwlcr  condyles.  me  ejderruil 

rol.Ulmi  angle CiUi  also  be  set  relative 
Id  Ihe  pnstEn-Dr  candies,  lining  un-lhe 
degrees  desired. 


II  desired*  attach  l  he  MIS  Locking 
IIdcht  l  to  the  Cm  e  cl  I  tie  I  In  Whin  £  iiuliJe 
1C  Chech  [lie  IcciUiCfitd  Hie  anterior 
-  Li  I  and  iIHi'riiiiiie  ll  nnflrhlngwlIL 
OiCUHFIji.  £ri).  The  boom  Eiu  indicates 
wl  lore  !h  e  anterior  lenrural  mr  will  *xll 
the  l>one. 

Hemcve-  anv  lateral  hi  pop  h  yle* 
rtwl  may  IriEerfcit  ^llli  guide 
ptaceme«U  Portion  rhe  Fining 
fiurde  niedl^arerallv.  Hie  width- ol  Ihe 
fl  nKhlng  guild*  replicates  |fte  tfldlh  cF 
ltreJtexfj*n  L'R  Femoral  Campari  ml. 
Ihe  ftidlh  of  the  f  lex  I  Inish  In s  gui  do 
replicates  rhe  i/tfdrh  <d  Hie  JtfrxGwp 
IPS,  Li'S  J  Lex,  and  CR  Hex  Femor  al 
Component*, 
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is  /i  irirrier  MFS  Mull  *iRi?teiP  nee  A- In-  1  I -priwsral  ln^1rurrnmla|lim  Snigical  ipdmlcfiJi 


if™  ruflfjw  rolathm  andllin 
miedicldterdl  Mid  anEerappsiefior 
portion  Mt  m.  I  iM.,vyiJ_  venire  MH* 
finKMlng  guldMaltP  di^rnL  Ipiim.  Nmt 
like-  bcrw  iiheriiv-T.  KEhKlor  to  Irrttfl 
i  llmm  k&mJnj  or  pm*  HI  and 

n%eri  a  Bet-head  lidding  Rn  thrttigfi 

ilw  supflfifHr  pinhoi*!  on  ih^  hewled 

moffll  aJ  ^de  d  I  heiefliaral  I  rnKhlng 
Guide  t  Fig,  Get,  Tiieti  secure  I  lie 
i.M’N.'il  %id»  in  riu  Him*  mmnv.  rgr 

Additional  stability,  predrill  Mid  litterl 

mu  sliwt  hwid  Hahfiriinn>Thr«iuli 

IhelriFejlBf  holes  on  one  or  bel  li  sides 
tri  [lie  snide. 


Use  a  1.17mm  (OjOSOHo.)  narrow, 
□wnlUring  saw  Hade  Lo  cm  Ihe  Femoral 
pnofUbeln  the  FollowUm  sequence  for 
o|rii;nal  'l.ihiiilv  or  the  Finishing  guide 


Lfttlto  1.17mm  iCLQttHnJ  n«rowF 
reoprocaling  saw  blade  lo-cut  the 
biuof  ihelrodJlear  feces*  [Flu.  4*3 
an$\CQtp  [lie  ed^p-h  dig.  4  0.  kr-rrii  .w^*- 


I  Anrortei  tondtf 


the  IliH^liJria  guide  Lo  connote  Hip 
Ifi}i-|*wccc  vs  lus. 


hMP 


ZPotfartOf  confrta 

;  Rostenor  ctiaci  iri-i 
:i  Anron^i  f  hMnfws 


%  Sir 


ikp  rhd  PM^yi/FPinMHiPiiii  mi  to  diiii 

Ihe  posl  tinier  (ht 


F«g  . 


Tig.  4'J 
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'Option  1 

MIS  Notch /Chamfer 

Trochlear  Guide 

Th*Ml5  N(?tdi/chtfTiF«  Trochlear 
Guide  GDftsJsIf  oF  i  pieces f or  eadi 
^izfipdhe  wis  Hotch/Oiainfw  Guide  mi 
Ih^MiS  Tradnlaai  Guide.  Maichingslies 
must  be  used, 

llie MIS  NoLch/Oi»riFef  Trochlear 
Guide  may  he  u^*d  locomptalethe 
dianifer  aits,  th*trochL*iir  groovy  the 
ntef-condvtaF  box.  and  1q  drill  I  he  png 
Iwtes  alter  Ihe  Anterior  and  posterior 

arts  have  bpwnnadc  with  rhnwis 

Feme-rill  Finishing  Guide. 

After  the  anterior  and  postalor  ats 
have  been  mid^checfethefleMlim 
ffan  and  the  extcml-M  gap  using  lh* 
MIS  Spacer  Block,  Make  the  neceSiiry 
adjustments, 

Kriei  in  flight  Fission 
Positio  n  The  appiopiilat  p  si?*!- MIS 
NolcFi/Charrrfer  Guide  onto  the 
femur  so  it  Is  flush  against  the 
resected  surfaces  bc-lh  distally  and 
anteriorly.  Ensure  that  no  soli  tissue  or 
o-Meoiphytes  interfere  with  Instrument 
pfrSltlwUnfc.  P^sHion  Hie  Kuide 
mudioi-rt^ity  (HMb- 


Flgs  4t  Pos  -  on  Ihe  M  tS  Notch/C  hamfe  r 

Guidi!  flu:-;*i  uyain-J  Ihi:  frmy  r 


Notei  The  distal  mediolateral  profile 
of  Ihe  MIS  Noieh/thimfer  Guides, 
anterior  to  the  tabs. can  be  used  to 
position  the  guide  referencing  Ihe 
LeiefaL  condyle. 

insert  im  short  headed  pins  or  shorf 
screws  through  Ihe  anted  or  flange 
of  ihe  snide  l*  secure  the  ?ukfe  in 
position  II  lg.  fu)r 


Fg.  4  u  Insert  ^o  short  headed  pins  or  short 
screws  thmu-Ehlhe  anterior  fl.a*ge 


Knee  m  flexion 
Secure  the  M IS  Holdi/th amf  er  Gride 
to  the  fflpwrdstally  with  two  Short 
Spring  Screws  or  3.2mm  (l/B-indifl 
headed  screws,  AltertUlivdy.  irtsert  IWO 
headed  pins  (Fig.  4v). 


Fg.  iv  Secure  the  MIS  NotEhK^iamfier  Guide 
to  The  femur 


Us*  a  reciprocating*#*  to  cut  the 
si  des  and  base  of  the  intercondylar  hos 
(Fug  4  w.k  Protect  die  libia  with  a  wide 
o  steel  o  me. 


Rg.  aw  C  nt  IN  skits  and  base  qF  m? 
intercondylar  box 

UselhePalellar/Femoral  Drill  td  drill 

rite  femoral  pom  hclew 

Note:  ho  not  u it  the  LPS-Flex  Femur 
Peg  D rill,  size  A.  B  with  th e  M IS  Notch/ 
Ch sniffer  Guidi  u  th«r*  it  no  stop  on 
the  guide  For  this  smaller  drill  I  fusing 
a  micro  size  [*„  B)  LP5-Fhx  Femoral 
Component,  the  femoral  post  holes 
must  be  drilled  when  the  anterior  and 
posEEiior  condyle  cues  are  made  using 
th  e  a  p  pro  p  hate  size  MIS  Flex  Fe  m  oral 
Finishing  Guide  and  the  L PS-Flex 
Femur  Peg  brill 

Then  us*  an  pillaring  ywto  ortthp 
anterl-uf  diamFer  and  (he  posterior 
dwinfflffRs.  i.K>. 


Re.  4m  Cut  the  a*  terior  and  poste  rior 
t  hair  iters 
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Apply  the  matching  si  z#  Troctil^^r 

Crfj  idc^  to  the  MISNofl-dh/ChamFer  Guide 
with  the  holes  in  the  iftchteir  Guide 
aligned  with  Iholhreaded  holes  in  the 
Notch  /Chainlet  GuiiJe  Thread 

the  Mis  Threaded  Handle  througi 
■hie  cl  the  threaded  tides  to  secure 
ih*  Trochlear  Guide  to  the  MISNoidh/ 
ihamFer  Guide (fig.  A?)- 


Fig.  Apply  lh k  ri  L  iIehinf  ft  gfc  MIS  Troth  Mr 

Guide  wltfoihe  Holes  aligned 


Fly.  ai  MiS  Tttchlea  r  Gu  kit  set  u  red  to 
MIS  Nbiel^ClwrerGutie 


Protect  the  tibia,  use  a  reciprocating 
saw  through  the  slds  iin  th  e  Troddea  r 
■Gu  ide  to  cut  the  sides  and  base  of  the 
Irochl  Ear  groove  ffig.  A  aa).  Remove 
ll  iv TrocFilearGwder and  insert  an 
osteotome  over  the  resected  llhtal 
sufa.CE  bEtow  the  1  rcchlear  groove. 

Then  use  the  teciptocati ng  saw  to  finish 

(he  trochlear  cuts. 

Remove  Hie  MISNirtcFi/CFiairder  Guide. 


trwh^grgrejowe 

Using  I  he  MIS  Moldi  /'Chamfer 
Guide  to  downsize  the  femur 
II  Lhereisa  need  to  downside  Ihe 
femur,  tho  Misfiotch/Chamler  anrl 
lodilear  Guide  can  be  used  For 
sizes  C-G  Standard  ImpUnts  and  the 
Mot-rh/C  hamFer  Guide  ta  n  he  used  For 
all  Resizes. 

NOTE*  Si  ze  A,  E  did  H  MISTraddeai 
Guides  cannot  boused  for  downsizing 

Select  Ihe  preferred  size  Notch  f 
Chamfer  Guide  and  pin  to  ihe  distal 
Femur  wflh  two  Short  Spring  Screws 
or  3-?rnm  (1/8  inJij  lieadEd  screws 

length).  Alternatively,  insed  two 
hex  1 1  r-ad  r-d  pins.  Ensure  that  the  guide 
Is  sealed  on  the-  interior  an  d  distal 
Femur.  Use1  a  reciprocating  saw  le  rend 
die  si  dei.  oF  the  mLemmdyiar  bcoc  Use 
an  oscillating  sawierecutthe  anterior 
and  posterior  chamfers. 

If  downsizing  for  a  CRFles*  or  LPS-Flex 
Implant*  use  the  posterior  surface  oF 
die  MIG  Notoh/Gidinier  Guide  lor  die 
posterior  out.  If  downsi  zing  for  a  CR 
or  LPS  implant,  use  Ih  e  MIS  Threa  ded 
Hand!*  to  attach  the  matching  size  MIS 
[ferihloar  Guide te  Ihe  Notch i'C  hamlet 
Guide,  and  use  the  posterior  suirlate 
of  ihe  MiS  Trochlear  Guide  for  the 
posterior  cut. 

FOsmovelhe  MIS  Trochlear  and  Notch/ 

Chamfer  Glides, 


Surgeon  Notes  StTiips 

-  Although  a  sequence  of  femoral 
cuts  ha  s  been  provided ,  th  e  cuts 
may  be  made  in  ariy  sequence,  It 
Is  recommended  for  the  surgeon  to 
complete  the  cuts  In  a  consistent 
sequence  to  help  ensure  that  all 
cuts  are  performed.  However,  ihe 
peg  hoi  ns  should  ho  drilled  pnor  to 
assenibli  ng  the  MIS  TrocFitear  Gui  de. 

■<  II  Ll  ie  M  IS  Femoral  Finishing  Glide  Is 
used,  the  fieri  on  gap  should  equal 
the  extension  gap. 

*  If  LFie  MIS  FIbj;  Femoral  flrii  shing 
Guide  is  used,  then  the  Fieri  on  gap 
will  be  approximately  2mm  greater. 
For  a  Flea  implant*  use  an  MIS 
Spacer  Eilodc  with  IheMlS  Spacer 
Block  Flex.  Adapter  to  check 
flexion  gap. 

*  fin  osciflatin  g  saw  with  a  narrow 
blade  may  also  be  used,  or  a 
reciprocating  blade  may  be  used 
to  cut  the  sides  and  a  chisel  or 
osteotome  used  to  u A  Hie  base  ol 
the  notch. 

Remember  that  the  Inusl  on  can  be 
ihoved  both  itwdtal-tolAieral  add 

hiq>Mlr>r1o  irTfcrirfir  as  needed  to 
gain  optimal  exposue. 

»  Tj  la  cil  n  ale  the  use  of  the  mobile 
window*  when  resecting  on  the 
medial  side,  use  retraction  on 
the  medial  side  while  relaxing 
the  lateral  side.  I  IkewKe,  when 
resecting  on  the  lateral  side,  use 
redaction  on  the  lateral  side  while 
relaxing  the  medial  side. 
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Zimina  f  MIS  WulH-Hetf  pence  4-Ln- 1  he  mural  Instmrrpnhillon  Surgical  ffithnfi^e 


Option  2 

MIS  QS  Notch  Guide 

ratio  n  Hip  .itipfopridH?  skeMISOS 
Hdich  Guide  omGihf4*rmjr»  n  is 
llush  a  sal  rest,  the  resected  -burfaces 
bwh  eftstjiv  md  AFTtericvly.  Hie  MIS 
O^NoldifkidE  Mil  nc-l  corned  l  he 
anterior  dumfer.  Uuthi  previously 
PW#vd  tFodilpai  and,'**  thin 
MiiomI  post  holes  lo  portion  I  Ik1  MIS 
QShiHdi  Gsido  nwrioWlwaUy. 


Sociiff  the  Misqs  notch  Guide  lo 
line  r«nur  wllli  E wo-  j./mni  <'  1 .'  8  Iridu 
beaded  Sows  or  piedriil  and  insert 
two  I.Jinm  I  ]/ft-HKh»  Molding  Hn*, 

I  n a.  4  btoi ,  Use  a  reciproc  jEI  ii|£  vdw 

to  mi  rho  sides  th#  base  ohhe 

Intercondylar  ratfdHn^.  4ecj_  Then 
remove  the  MAS  QS  Notch  Glide  (Hf, 
4dd). 


n^.  4c,l 
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22  I  Zimmer  M.IS  Mull  i-  Rp'lerHnce  4-Irt-l  femoral  (nslmftiftrilalbri  Surgical  Technique 


Step  Five 

Resect  Proximal  Tibia 

Hh'»  step  explains- Hie  alignment  ol 
ilw  Hbl4l  oil  lo  MP  ensii  w  proper 
ptreteriar  slope  end  ru-1  dti  on,  and  the 
region  titii*  perpendicular 
lo  ihr-  mechanical  arts.  The  MlSTihial 
Cv*  Guide  AflMfTlblyiadedflHd  10 
facllraretlbial  preparaMon  Through  a 
shorter  incision  arid  wUhout  Everting 
ihapateia. 

Instruments  Used 

MlS  Tibia  I  Cut  Gdde  Assembly 

MIS  TiM  art  Guido  (Wrfft  or  L-5ft> 
MIS  Tubercle  Anchor  iRighl  or  Left) 
MIS  Ti  Lh-ciI  Adjustable  Rod 
MIS  Distal  leie^ropr  ng  Rod 

Ankle  damp  «  spring 
Ankle  Bar 
R««eton  Guidft 

MlSTIhial  Depth  Resection  Stylus 

Osleolome 

^iriDus  retractors- 

Kocher  dternp 

Heic-head  Screvwlrft'er 

Drill/ Rea  me  i 

MIS  Screw  Inserter/Extractor 
MI5Stnwt 


Assemble  the  Goide 
ihaMisnbiM  cm  Guide  Assembly 

consists  of  I  rtsmvnvits  For  nghi  of  loh 

(Fig.  M, 

*  flbialcu  Guide 

*  UibwdeArthor 

*  MIS  Hbtal  AdjustaUe  Rod 

*  MIS  PKral  lolloping  Rod 
v  Ankle  Gamp  or  Spring 

*  Ankle  Bair 


Tl  blal  Cut  Guide 


MIS  Tib  al  - _ 

Adjustable  Rod  J, 


Tubercle  Author 


MIS  Distal 
Talig® oping  Rod 


Fig.  5a  MlS  IT  blal  Out  Guide  As-sembty 
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Attach  Ww  Ankle  Clamp  ar  optional 
Spring  to  the  Ankle  Bar  I  hen  slide 
hie  AnMe  Lkit  *wiQ  |he  dovetail  .if  |i* 
bollairi  af  the  M I S  Distal  leln-ycaphig 
M .  him  Ihctowb  mo&itr  thedawfal 
la  Ipniporarlh  hnki  1 1  if*  tar  in  place. 

Ano*r>are  tithed  «ttO  hiath  l  hr-  mis 
Ihfal  Adjustable  kod  -and  Ehe  HUS 
Hi  -.1  ,lI  Ih-Ii  -'-.i  i  ipuny;  (B  Jndfolto  tiW 
corned  a  rir-ntalion  during  assembfy, 
With  I  hr  arrows  aSjfict]K  In  v-rl  the  MsS 
llbial  Adjustable  kod  Into  the  tsistal 
Telescoping  God  i|Fig.  to).  Adjust  i hi ■ 

teflilh  r«^jf.iii>j;i|icitH]hi-  i-Mgrh  of  the 

pEliaifs  tibia  and  E«=inrxH3rilv  lighten 
;■!  lllijnib  M  rrw  il  Mi:  pr  1*1111.1 1  ■  -rn I  :l 
Ihedlsial  rod. 


TIr.  *.r«  ftimn'i  ‘-in  ■□.'ihr  c am  t  ;i  liRFunml 

Attach  the  correct  rrgfil  ur  IpFI  Tubc-ide 
Anchor  oht»  (he  i  orwspotdlrifl  sJd^of 
Hi*3  MIS  Tlb*al  Adluslable  lad.  Fora  left 
:knrT\|lH-  Mi  anchor  b  hrttttcd  i^io 
the  tight  holMFrg.  Set- 


tor  a  righl  k nee,  I  hr-  Hghi  anchor  Is 
Inserted  into  the  irfi  hole  (Fig.  hd), 


Ffe  5d 


Eld  sum  (hat  Ihc  dthed  line  on  Ih-- 
side  ut  the  Tuheh  k  Anchor  align*  wlih 
the  corresponding- etched  line  on  the 
nrtHdiUpf'riarfar.i-  ni  ltn-  Adjustable 

kod  flis-  5e)„ 


NOTE  TheTiblaL  Cut  Gulden  ik£ 

Tubercle  Anchor  air*  available  la  Ir-R 
and  right  cooflunliani  If  ihe  income  i 
luberck  Anchor  K  used,  tlw-  frit  Guide 
will  not  lully  n-ln-jr.i  Into  (lie  Adiusluble 
Hod  and  the  wa  rifs/ratgo  s  angle  of  Ehe 
tiblakut  may  be  allotted. 

Insert  Ehe  correct  nghL  or  left  llblal 
cut  G«ld^  int»  the  Adjitttswp 
(tad  and  rotate  the  I  huii  ib  whr-H 
cuuiihrfdutkwise  until  the  I  breads 
engage  (fig.  If). 


t  embnue  to  rural*  the  thumb  wlieel 
unlal  the  guide  Is  apprtwlmafely  midway 
Ihmi^Ji  Its  range  of rnivH.  rhts  will 
allow  the  depth  Qrfihe  libial  re-section 
io  (w  *djuvttt)  after  itw  jraambty  is 
securr-d  to  the  bain  via  llie  tubercle 
Artchur. 


lig-  X- 
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24  I  Zimmer  MIS  Mull  i- Re'lem heft  4-Irt-l  FEAsOrill  lns( rumen lalirtn  Surgical  iRchniqiJH 


Pos It  Ic n  the  Guide 
Hace  1  he  spun g  auns  of  Th  b  Ankle 
damp-  around  [he  ankle  pTOjmiMlIOIhe 
malleoli  and  loosen  (hr1  anterior  knob 
lluiL  provider  rnedioliiteraL  adiustriKnt 

at  the  ankle,  rf  preferred,  the  fluids 
Spring  maybe  used  instead  of  the 
flnWaOampv 

I  Anson  the  knob  on  the  prcudnual  end 
of  the  Distal  Telescoping  Rodaiwl 
adjust  the  lengih  of  tho  guide  until 
the  Tibi  al  Cut  Guide  Is  pasi  I  lamed  Hi 

die  approximate  depth  of  cm,  vwti  i 

IheTlbtal-Cul  Guide  and  luborde 
Aatuhior  contacting  the  bone,  mure 
die  nbial  Cut  Guide  [modiolalofallylo 
align  the  nad  with  (he  medi  al  Kurd  oF 
theabiil  ttibwdftJRit  This  will 
usually  place  I  ho  proximal  end  of  (he 
Adjustable  RihJsu  d  is  centered  bdcuv 
ihe  intercondylar  eminence.  The  libial 
Cm  Guide  will  contact  the  tibia  al  an 
oHiciue  angle  #id  the  low-profile 
perl  ion  aF  the  aiding  head  will  fit 
ri nit* the  patellar  tendon.  The  Tubercle 
.f^rchor  I  s  shaped  to  fit  between  the 
palelLai  tendon  arid  Ihe  base  of  the 
ctittinghrad. 


NOIEi  Be  sure  that  only  the  law-profile 
portion  of  the  cmiinghea,d  extends 
henoal  h  1  he  palellaMendon  If  If.  5h). 


Rg.  £h 

vwhon  correctly  illsned.  the  Dtetal 
Telescoping  Rod  and  Adjustable  Rod 
should  be  parallel  to  (he  tibia  in  the 
coronal  and  sagittal  plates.  Id-  help 
avoid  nrialioiial  malalignment  of  the 
rod,  check  its  position  From  a  direct 
an  tenor  vi  ew,  i  er  stand  at  the  Foot  oF 

the  opwaflirtgttblA. 

Adjust  th e  distal  end  oF  the  M  IS  Distal 
UdescouiiiK  Rod  by  muring  tFie  ^lideal 
the  foot  of  the  rod  medially  or  Lai  orally 
until  Ihe  guide  is  aligned  with  tFie 
mechanical  a^s  of  the  tibia.  Ttieond  of 
the  Fills  Distal  Telescoping  Rod  should 
be  positional  about  Smm  1 0uWn 
medial  to  the  mldfiolrt  between  tho 
palpable  medial  and  lateral  malleoli. 
Tho  tip  should  poim  lo  the  second  toe 
i.Flg.  ^1).  Wien  the  proper  M.'L  position 
Is  achieved,  Ughi4nth&  anterior  knob 
to  secure  the  MIS  I  isial  leLnscofHnf 
Rod  lo  Hi e. Ankle  Bar. 


Fig.  51 

Loosen  the  knob  on  the  side  (rfthft 
disi.il  ondof  the  mis  Distal  Totoscoping 
Rod  Then  use  the  slide  adjustment  lo 
ali  gn  the  rod  in  thesagSttal  piano  so  ii 
Is  parallel  to  the  anterior  11  hi  at  shaft. 
Ihls  wil  create  a  F6 poaeflflf  libial 
slope.  If  more  or  less  slripe  is  desi  red, 
use  die  slide  adjustment  lo  obtain  the 
dotted  slots.  Than  tigfuonthe  knofr 
If  there  is  a  bu  Iky  bandage  around  the 

itnfcl^  adjust  the  rod  toaofflKwnodate 
the  bandage.  This  will  help  ensure 
[bat  the  Li  bia  will  be  cm  wilh  the 
proper  slope. 


Fig.  5g 
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Zimmer  HIS  Muth-Refe^e^ce  4-jn-l  Femoral  IniCrurr-entalinn  Surgical  Technique 


Imtn  an  MlSS-crew  near  iha  ilblal 
lube  rile  through  the  hole  In  Ihe 
Tubercle  Anchor  (Rj.  b[}. 

Twfrr.n:k- 

AikFhif  I  U4-‘ 
J 

I. 

*  .1-1 


n^4l 

NOTE:  TheTubeMe  AnchgrprtHipn 
does-  not  determine  the  vams.iValgusof 
IhtUbUUut 


Tfipn  UltOl#  &uld*ShtbU|h 

She  n  g  slot  to  assess  She  slope  of 
IhtiutCFlg.  510. 


Fitr.  Sk. 


Sei  the  Final  Ees-etHan  Level 
wimth*  n&m  cwtcuideflmih  *s*itm 
1  he  anteromedial  eSgeof  She  1iblar 
idMfl  Shi  WlStlWil  Drpfh  flitritlbn 
Stylus  in  La  the  hole  on  the  top  ot  the 
Tlb-ial  Cul  Guide.  For  a  minimal  cut, 
s/mng  the  3m  m  arm  of  the  sty h-1*  over 
lhetfefecIlMe  Uhiat  contMe.  Adjust  the 
Tibia  I  Cul  Guide  up  c-r  down  byrotaElng 
lhelhumb  *  heel  until  the  tip  oF  the 
1  mm  stylus  rests  on  me  surface  oFlfre 
Cbndrlt  mi.  50- this,  rtdlt  portion  Th« 
Tlbial  Cul  Guide  to  remove  2mm  of 
bo  nr  bilbw  thi  Sip  Of  the  stytui- 


Allernatiwel^  swing  the  10mm  arm  of 
lhtMiSTibifli  depth  Detrition  Stylus 
aver  the  leasl  involved tlbn I  condole. 
Adi  ust  She  Tl  hi-it  Cut  GliMt  y  n  tH  tht 
lip  of  the  1  -Dinm  arm  rests  on  the 
surface  *r  l+i  e  cOftdyHe  (Ra,  Sm).  Ttii* 
will  position  the  tl  blal  Cut  Guide  to 
remove  1G  mm  oFhone  below  tne  hp 
gflfttsiyfus. 


Ilf  -  rjm 

These  tws  po  in  ts  ot  reseclren  w<l! 
uwaUy  net  coincide-  The  sni^eon  must 
determ Ine She  a ppropnale  tvei  of 
hHKtlofl  hwed  on  patitnt  an*,  bah* 
quality,  and  the  type  of  prosthetic 
Fixation  planned. 

NOTE:  The  grooves  on  the  stem  of 
th-eTihlal  Cut  Guide  repeesent  2mm 
Increments  (Fii,  finj. 


Tif .  Tm 


:s 
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26  /I  i  rimer  MFS  Mulli-RfctetRCTCG  ha- 1  FktiwjihI  Iruilmmenlallim  Surgical  lechnlqui! 


Us*theH«f  hwd  SowwdffVOT  to 

Usluefi  .ill  of  Ihe  *crem.  on  I  he  llbal 

A^aeitlbty  ED  milrfcirt  pDarliDh. 

Insert  an  MlSScmw  through  the  hwkImI 
oHori*:  hali?  {in  1 1  if  culling  head  rFip_ 
S4>i.  ihKhok  h  anaSfMS  lofitilllitt 
strew  in&cftlcfi. 


Fif.  So- 

l-ldw  anetfier  MlS  Screw  1  hrough  Ihe 
OHItPJl  ■inr-nrnjE  ildle^llllB  CUMllilf 
head  dig.  [.pH. 


ng.  5? 


Jtes eel  the  P roxlmal  Tib ia 
Use  a  1.Z7IWH  {O.CStHMJ  toff  Idling 
sa#  blade  LhriiLi.^i  Ihe  sl&l  on  Hie  llblal 
Cut  Guide  Id  cut  Ihe  projaniiii  ^uridce 
of  IhtMItKd  lkl  £Ri5^,  Jtflef  culling 
llironrih  the  medial  side  and  db  U\  as 
I  hj-.  ^hup-  Jritvi  eIk  I4i«fal  ;.ltle,  ietiwwe 
Ihe  cut  pMc  iMfflnbhn  Extend  line 
knee  ill  ill  n-lra-rt  ^oll  h-isur-  on  like 
l.i.l  tfiii  side. 


PfOIEi  hike  care  £□  protect  the  patellar 

lendon  when  culling  ihe  brer al  aide. 

Use  a  Kadiei  riarwlo  retrieve  lift 
llhial  tHHiefraginenl.  then  rnm  an. 
remalniias  bone  spikes  and  meniscus 
dm  ihe  EMKetior 4iid  literal  ^-CKKUeF 
Ihe  reflected  tibial  surface. 


88 


Step  Six 

Check  Flexion /Extension 
Gaps 

Lisfl-UneSiwtMr/flJiigniiwrt  Glides  lo 
dtedk  the  Flexion  arid  extension  gaps. 
With  ifto  foie* in  extension,  iown  ilw 
thinnest  appropriate  Spacer/ All  puna# 
:  mde  bet  ween  llie  resected  suriaces 
of  the  FemtaramJ  tlhla  (Fig.  fra),  Insoit 
the  Alignment  Rod  into  the  guide  and 
dun*  the  aSffnmanl  of  the  tPhial 
lesedl  on  (Fig.  6b).  tf  necessary  insert 
progress!  vely  thliler  sium/All  gnment 
{glides  until  tho  proper  soli  thsuo 
lEMsloii  Is  obtained. 


Than  flex  th  e  knee  an  a  <heck  ligament 
balanc  e  and  laint  alignment  In  flexion. 
W»n  using  the  Mis  Flex  Femoral 
finishing  Guide,  Iho  floxJon  gap  will 
be  approximately  2  mm  greater  tli-un 
the  extension  ga p,  For  example,  if  ihe 
extension  gap  Is  lfrnm,  the  Flexion 
will  be  12mm,  lid  account  for  this 
difference,  the  appropriate  M  Ih  i  HI  lex 
Spacer  Adapter  or  MIS  UPS  FlexScwow 
banner  (Fl  g-  fre)  9tHHld  be  placed  on 
l-jp  of  the  Spacer, 'Alig  nil  lent  Guide  dial 
used  in  extension  to  accurately 
check  ligament  balance  Inflexion. 

The  combined  construct  wilt  equal  Itie 
toiai  postertor  condylar  thickness  of  the 
In  i,4. 1  implant, 

If  the  tension  i*  sfenfflomtly  greater 
Inoxlonslon  than  in  flexion,  re-out  the 
distal  lemur  uslngthfl  appropriate 
Inslnimentatlon.  this  will  enlarge  Iho 
extension  space. 

If  the  tension  Is  significantly  less  in 
extension  than  innerion,  either 
doimsl70 the- femur  or  perform 
additional  LigdtFHfiri  releases. 
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Step  Seven 

Prepare  the  Patella 

Sliarply  tfliiGrt  through  the  pfeP**Har 
bury  to  p*p^|h9  anterior  wrfoWQf 
Ihepalelia.  This  will  provide  exposure 
for  afTtaingtfoeaniiefbf  surface  inline 
Patellar  t  lamp. 

Renwve  dll  osleouhvles  and  synovial 
hsertloos  from  around  tfuppaielb, 

Be  careful  not  to  damage  tendon 
insertions  onihebone.  Use  the  PaieTlar 
Caliper  to  measure  dhe  thickness  oF  the 
patella  (Fig,  7  Subtract  the  inn  Ami 

thickness  from  the  patella  thickness- 
lo  determine  (he  amount  or  tmnelhat 
should  remain  after  resection. 


Patella  Thickness 
Implant  Thick n*s& 

=  Bone  Remaining 

ImpbnEThiLknQTi  Guido 


PiLoila  Mlkra  Standard 

thlAMaMKi  ImplHnt  Irnplwt 


26  mm 

7.5mm 

29  mm 

7. 5m  m 

e.Omm 

32  mm 

&0mm 

5. 5mm 

35  mm 

&Qmm 

9.0mm 

13  mm 

- 

9.5mm 

si  mm 

- 

lO.Omm 

NGTfc  At  least  limn  ofioul  bone  will 
remain  to  allow  for  irnpHaM  pegs  If  Iho 
Patella  Reamer  is  used. 


Fig.  7a 
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Resect  the  Patella 


Lh  m  isa  I  5pw  Crude  Tech  n  ique 
Apply  lha  UrUm^l  PatelUr  saw 
Guide  in  li  mb  wiLh  (lie  pjCeit.tr  lendotc 
Rish  ibe- peidM  upb«tNp»nthe|ftm 
of  [he  guide.  level  The  perella 
wlilrin  Hip  sjw  guide  laws  ^ikJ  Live  the 
iihvii  ih>ss  rew  el',  Hghren  rim  guUtn-. 

i  he  amount  te  be  r^ed  ed  (he 
lop  rA  l  he  saw  jjmdo  I  im  ftfoenld  be 
wrotimdely  ttafrime  on  ah  sldev. 
Chech  ru  bo  suredhal  Ihe  ]dfnmg.aiige 
dm**,  net  rotate  tm-iearh  Ihe  aulerlw 
uirf.H.v-  of  The  pwtpflur  tlw  ^^111^41-firirs 

Ihe  ri  m  rr  lor  surfera  c-1 1  he  patella  as  it 

b  rwrfled.llib  liHjUdii^  dui  M  iMsf 

l1  Hum  ol  heme  stodc  rvill  remain  ader 
IliecuE  <F  Ie-  TtH. 


PaitlU  r  fi&im#  r  T«cn  nlq  uu 

Total  S-yrta ci nf  Pftmluri 

l Jse  I  he  PatelLarKcamei  Surfacing 
Gulden  as  Cunpl-ales  Lo  determine  Ihe 
appropriate  vl?e  guide  and  reamer. 
Qiwae  die  snide  which  fils  snugly 
rho  patella,  using  ihe  onallwt 

gpidpp&hybteiirig,  fdt.  If  fchepJelj 
is  only  sligltLly  larger  ih.in  l  lie  swifting 
pidein  the  medlolarerai  dinnsnsion, 
use  -.I  longeur  E-u  pemcwe  die  medial 
or  IdtfaJ  edge  i  mil  IhatHNwffti 
Ifie  guide. 


%  7b 


insert  the  appropriate  du  PatoiLii 
feeamer  Surfacing  Cuide  utlo  Ihi- 
Patell*  fte.mier  CUimtHFig,  7e'L  Turn 
the  locking  screw  tkiHil  light. 


Fl|.  7 y 

Applv  Ihe  Patellar  Reamer Clamp  at  a 
Vtr  ahgletoihfrlfrhfiiudliul  ajuv  with 
die  Patell  ar  Reamer  Surfacing  Gukle 
encorwassing  [fie  articular  surface  of 
die  patella.  Squeeze  llie  d  a  mp  u  i  il  II 
iheam-etior  surface  of  i  he  putetM b 
fully  wared  agam^r  I  he  NjiaUdfi  plale 
fFli  /f  I.  TlJfil  die  damp  screw  Id  hold 
the  in^lrunkpnt  in  place,  die  anterior 
surliwmtfi!  fully  seal  upon  die  pins 
and  com  Ad  th*  fixation  pi -no. 
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Turn  the  depth  gauge  wing  on  the 
Pal  c-llar  Reamer  Clamp  Id  the  proper 
indication  far  the  mrrect  amount  of 
hone  that  Is  to  remain  after  reaming 
\  /Ki. 


Attach  tho  appropriate  size  Patellar 
Reamer  Blade  to  I  he  appropriate 


stee PateHir  Roams shaft <3Fig.  7HJ. 
Lise  wily  moderate  hand  pressure  to 


Do  not  overtighten  the  blade.  lirseM 
thoFalehir  Reamer  Shrift  into  a  drill/ 
reamer.  I  nsert  the  reamer  assembly 
ihto  the  Patellar  Runer  Surfacing 
fajlde.  Raise  the  reamer  rtlghllyofT 
Hie  bone  and  Imng  il  up  to  full  speed. 
Advance  it  slowly  ufll  fh*  ptomiiienr 
high  points  are  reamed  oFF  the  bone. 
Continue  reaming  with  moderate 
pressure  until  Ihestepon  the  reamer 
shaft  bottoms  out  on  [tie  depth jtauge 
wing  of  t  he  Patellar  Rea  rrwr  clamp, 
Remove  the  reamer  damp  assembly. 

fteceed  to  "fmtsh  I  he  Patella1*  on 

pag£3f. 


nB.  7| 


Turn  the  damp  wIp*k  Id  Hie  "insel” 
position. 


Insetting  Technique 
Use  the  Patellar  Reamer  Insetting 
Guides  as  templates  lo  det  ermi  ne  the 
dtp |JT opr i  ate  size  nude  and  reainer. 
ChWBI  the  guide  which  wilt  allow 
appro-xi  ii  lately  2mm  bel  WEen  the 
superior  edge  of  the  pat  el.  la  and  i  he 
outer  diameter  of  the- guide  (Fig.  70- 


Insflft  the  appropriate  size  Patellar 
Reamer  Insetting  Guide  into  the 
Paieiar  Reamer  damp.  Turn  the 
Locking  sorc-w  until  Tlghfl.  Apply  the 
Patellar  Reamer  Clamp  al  a  90°  angle 
to  Ihe  Ion  gatud  mal  a  tis  with  the 
Patellar  Reamer  Insetlng Guide  on  the 
articular  surface.  Squeeze  the  damp 
um  II I  he  anterior  siiTaee  oF  the  patella 
is  Fully  seated  asainsIlFie  ri nation 
plate,  lum  the  damp  screw  to  hold 
the  instrument  in  place.  The  anterior 
surface  must  fully  sflflt  on  the  pins  and 

contact  (he fixation  plate. 


Attach  the  appropriate  size  Patellar 
Reamer  Blade  to  the  appropriate 
size  Patellar  Reamer  Shaft  (Tig.  71), 
Usennly  moderate  hand  pressure  lo 
tighten  Lhe  blade.  Do  not  overtighten 
tht  blids-  insert  the  Pateflar  Reamer 
Shaft  lute-  a  drllt/reamer. 


UseiheParellar  Reamer  Depth  Slops 
tf>  cnrUrnl  the  amount  oFhone  to  he 
removed  based  on  tht  thickness  al  Hit 
implant  chosen. 

NOTE;  IF  using  a  Primary  Porous  Patella 
with  rr'dfrmdor  Aleiaf*  waieriaL  all 
imfiants  are  ICfnin  thick. 


92 


Firrurer  MIS  Mi  ilia- 

ntp  O  in  1  he  mural  Instrmmnhilbii  Surgical  Technique 

31 

n 

rhi.  dearth  ptufe  itfng  on  ihe  ParolMr 
keam&r  Qamptan  boused  Instead 
d  tire  slops  to  control  the  amount 
el  I’HMii1  riTHi tainlng,  r .n I m-i  Hull  tl*r- 
amount  ol  front  removed. 

tnwrt  th*  lumar  assjHtitoly  biio  ll» 
PaldlarNeamef  Insetting  Guide.  Itai-io 
iher-p.impr  slljJHlyril  rhe  bone  and 
brlngll  up  to  hilt  ’ijMH'-d.  Advance-  it 
slowly  unlH  Ule  prominent  lilstv  points 
am  reamn-d  oil  iIh>  lioria^_  Conllnue 
reaming  wllb  mcHlETdte  pressure. 
Rsmoirotlie  reamer  damp  assembly. 


Far  the  ^tuGen 
AU-ft^nlhylint  PpMU 
iemcflhe  appropriate  l-'vil  ellar  Drill 
Guide  dvef  Hie  patella  vriEh  Hie  haruJle 
on  the  medial  side-  oF  I  he  pdlella  and 
perpendicular  Id  the  tendon.  Holding 
tha>  drill  giadflMimly  inpUct,  drlH  the 
three  peg  holes  u-slps  Ihel'alelLar^ 
Femoral  Drill  BH  I  Fig*  7fnk. 


Finish  Iho  Patella 


farlNi  NsaGen  PiNaiy  PorOUi  Patella 
Wish  Trabecular  i¥e:al  Malerlal 
Carter  the  hpi  k oinl  .ite  Patellar  Dull 
and#<wflf  tberiK(hd4Ki  par^u  sufacn 
with  Ihe  handle  on  I  hr- medial  side  oF 
ihe  panHU  and  u^nsndkuiif  to  the 
lendon.  j-r ess  the  drill  guide Flrmty  In 
place  so  that  die  leeth  iuUy  engage  iind 
IfLi  -  -lull  :L; 1 1 1 1 ] i  <t\\ il.ii  on  tFie  hone 
surface  (Tig.  7fck  Drill  Hie  peg  hole 
making  sure  die  drill  -step  coil  . *  contacts 
Ihe  hip  oF  The  dull  glide  rFIg.  7lk 


9 

Fif.nc 


tOTE--  The  PutaMTf  Porous  Ramlla* 
□amp  may  be  used  to  lidly  seal 
the  drll  abide  on  hafd  sdtenrtlc 
hone  <mrijopv 
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■Option  1 

Patella  Prole  ctors 

NOTE;  IT  Hie-  im  Lell-u  wi  LI  not  he 
resurfaced,  b*  cartfUl  to  avoid  smuty  to 

the  pdlelU  duimgsurgEry. 

NOTE;  The-  PatelA  Protectors  are  ihh 
recommended  Frw use  in  an  inserting 
lecFmique, 

Hhke  lire  i  sizes  rtf  f'dlelld.  Protectors 

available  to  cover  the  patella  wtiie 

crimp!  Ell  ng  the  rcmai  ning  bane 
reseatons.  Choose  the  size  that  best 
cnwcsthfi  patella  -  Jfjnm,  JJtnm,  or 
H£4nm.  Handle  with  -care;  [Fie  -spikes 
maybe  sharp. 


A  suture  needs  lo  be  placed  through 
the  hole  in  the  Patella  Prol  Ector  (Fig. 
7ri>.  Loosely  tie  a  suture  through  the 

hatoonltie  Paftelh  PTQtortoF.  Attach 
h.  FiemesUI  to  (Fie  e*nJ  oF  the  BiUve 
mflertaiL  Leave  an  adequate  amount 
of  suture  material  to  position  the 
hamostat  away  from  the  incision, 

AFtcr  lire  Initial  patrtto  culls 
completed,  use  thumb  pressure  to 
press  (he  Patella  Protestor  a  g^insi  die 
bone.  IF  the  baneisparHaiLarF^  hard, 
apply  me  Patellar  damp  against  the 
PaAdla  Protector,  liqueerpthe  damp 
until  lire  Patella  Protector  is  Tully  merited 
against  the  bone. 


The  Paiella  Protector  should  be 
pan  of  1h  e  instrument  count  bEf one 
dosing  the  wound.  It  is  not  intended 
for  Implantation.  C  oinpMeFy  remove 
tFie  suture  material  at  tin?  md  ol  I  lie 
operational  before  sending  the 
instrument  for  cleaning: 

Surgeon  Notes  A.  Tips 
*  rl  i4-  j|  urn  placfHfJ  itwough  1  lie  hole 
InlheraleLla  tootector  provider  a 
teiher  for  ft  nding  and  removi  ng  the 
Palda  ProtEctor. 


Fig.  7 n 


Sutu  re  Hole 
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Step  Eight 

Perform  a  Trial  Reduction 

Al  Ler  r.T  egarinK  Mm?  (ibid.  select  Ilie 
^lffoprutp  Pegged  Qr  st^ininod  Htwal 
Stz  ng  Plate  I'ft-ovrslc-rial  thal  provides 
the  desired  tibia!  coverage.  Chedahe 
size  matching  chart  (Forth*  style  of 
N&&S£t\  Knee  implairi)  fur  GHIfHIHflt 
n dishing  Instructions. 

insert  the  Femoral  Provisional,  Patellar 
Frovisionalp  Tibial  Sizlnff  Ptaitef 
frovisional,  and  Articular  Surface 
PlPWblMaL 

Flea  and  eilend  Lite  knee  wi  Lh  Hie 
provisionals  in  place.  check  Iho  range 
of  motion  and  ligament  s^l  dbitll  v_ 
Ptffwm  any  iwcessary  scrft  tissue 

releases.  With  proper  soft  tissue 
baldric  ins  con  i|j(el  e 1  he  libial 
comp«iw*  tends  to  Mat  itself  m 
I  he  position  where  ll  best  articulates 
yvilti  the  femur  (Fig,  ftp 


NOTE:  Durinff  the  trial  reduction, 
observe  1  he  relative  posltl  on  of  the 
Femora!  Provisional  on  the  libi al 
Arllci liar  Surface  Provisional  by  using 
lire  liies  on  boll  i  urovisi  onals,  Tire 
laies  can  be  used  todttwmirwpf 
poslerlei  rollback  Is  occurring,  whether 
me  PCL  is  functionaL  and!  if  the  femoral 
component  will  contact  Che  tlblal 
drUcnliir  surface  In  llie  proper  location, 
if  the  pals  properly  balanced,  tho 
Femoral  Provisional  should  sit  near 
me  antetfor  or  owner  lines  o  n  the 

tibia!  AM  ItuLdr  Surface  Provisi  onal  in 
extension  and  near  Ltie  post  eri  or  line 
In  fejJon. 

If  the  Femoral  Provisional  sits 
iwstefiw  to  the  lines  ,  the  PCL  may  he 
too  tight  or  the  articular  surface  may 
be  Loo  thick.  II  the  Femoral  Provisional 
slt^andoriortoiho  line*,  the  Pa  may 
be  too  loose. 


After  this  self-certwing  process  has 
occurred,  mark  the  position  oF  the 
component  with  mathyleno  blue  or 
eLoctroraiitery  piig.  ttty.  I  Inn  remove 
tFie  provisional  componenls.  The 
Femoral  Estt  actor  can  be  used  to 
remove  the  Femoral  Ftovtslonal. 


F&.  Ea 
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'Option  1 

Tibial  Position  based  on 

Anatomic  Landmarks 

The  portion  erf  (he  Ubi  A  exponent 
-L-ui’i  d  Lo  be  determined  based  on 
anatomic  landmarks  pr  ior  to  trial 
rodijoNan.  Soiod  I  he  appropriate 
Phv’mk-J  &r  Stemmed  TibiatSiJna 
Ffeto/F’lwtalonal  rh^r  provides  I  he 
desired  tibial  coverage  (Fig.  fci.  fledge 
to  the  ZTirntwr*  Ha&iff*  acts 

Jjdh'-aJ  io.T.ponfnte.'enfenftb  Slv^M 
ftdltikw  W-5S5CMBBrfK*for 
complete  product  Information  and 
fcistmctloiK  Pdf  the  MIS  Tibial 
Stemmed  component. 


VgSPd  Tibial  S  Ip  ng  Plate 


SlCinlYitd  TibLdL‘5  ifing  Plaie 


Attach  the  Universal  Handle  to  the 
seleclr-d  Tibial  Sizing HaterPravIsional 
by  depre&ynf  the  button  on  Ehe- handle 
and  engaging  The  dovetail  on  the 
handle  with  the  dovetail  on  Ehe  yzliiji 
ptae/pravbfional  and  secure  it  by 
lightening  the  thumbscrew  (Fig.&dt. 


Generally.  the  handle  ali^s  with  the 
anterior  aspect  of  I  he  tibia.  Rot  ate  the 
sisinspiate/provisiofwl  seihe  handle 
points  at,  or  slightly  medial  to,  the 
tibial  tubercle  (Fig.  8eh  The  Alignment 
Rod  can  beused  to  aid  m  double 
chaddngvajrusi'vaEgus  alugnment. 


Pin  the  maie  in  place  witluwo  Short 

Head  Holding  Pins. 


Fig.  ae 
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Slep  Nbe  qF  Femoral  Provisional 

Perform  Trial  Reduction  using  OpH™i  mis  femora I 

Ens-efter/ Extractor 


In  Lhl  t  strp.  a  Lrlrfll  reduction  is 
performed  14  chock  component 
position,  palelar  I  racking.  HOM, 
and  (dlil  ittbflty. 

Ihf  TibiJ  Suing  Hale  i*  In  place, 

Koeoln7^-90ft  flerion 
Place  Ihetollalcrdl  Ret&ttor  Iril  crjllvr 
an  Amw-Nayv  letractor  aiiterloify, 
and  a  rake  rtlraclw  en  the  mental 
I  m  I  medially. 


BrP5  0f  CStmtaflStfbnf 


c  iftinnfii  rotalion  4diuslmefl  knob 


U.  tension  admslnial  knob 


E.  TiiM-H 

F. lnsliMi»Hrt  hoek 

G.  Locking  handle 

H .  Si  artianm?  «ilol 


IMennlnotype  or  tfsaGen  itnpbiitot 
mtiuonil  being  used  -  Foyedot 
Uabilijed  |.PS'i  «  CmcJaleltel  ailing 
ICR5,  Refer  te  rhf  side  ot  rhe 
Instrumpl.  labeled  i:R  iweiAl 
ft  iBit  whldi  CMMfxndiwllh  ilw 
imflinl  or  piow^onal  typejlig.  flal. 

inKiall:  a4usl  lemofal  rotalion  -sailing 
an  J  tension  settings  Fot  did  leu  lord 
ftlJElofi  setting,  a  ^mhI  ‘darling  yoiil 
K  between  Ihe  lines  of  Ihe  Implani  wpe 
IAi,  Fee  llielenuon  ^dlinz,  start  will* 
ihelwo  lines  aligned  (Eli. 

ftpen  locking  handle  (G1  lo  attach 
implant  or  ptortslonal.  Airach  Inirriiiil 
Of  provisional  by  positioning  the 
insiTumm  hook  ifig.  Vlit, 


Hr -Mb 
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f  ed ,  tum  adjustment  knob  (0  lo 

achieve  desired  rotation  aF  the  Fenner al 

component  tFig,  9Q. 


Turn  t-iemsioin  ^■rtSu-Nm^ini  knob  {I#  to 
ncrease  (tighlert  or  decrease  rtoo sen) 
thadampingforce  (Fig.  9ch. 


Fi?.  9d 

Close  Locking  handle  lo  secure 
■  -I . in  l  i  il  :'I.-Iil  -n  |  -I - 1-.- i -  ■  >l i.: I 

ffig.  W- 


Ajipi  impUrot  or  provisional  onto 

prepared  bane,  Impacl  end  i HI. 

Open  locking  rwiMiO  tiv  IriKH-er 
ip  Instnrfiiont  From  implant 

or  provisional. 

IF  preferred,  the  Femcra  I  Provisional 
ipwy  be  positioned  by  hand. 

fcanslatethe  I  e  moral  rtevKIonal 
laLaaHy  until  CFte  lateral  peg  ol  like 
provisional  aligns  itflh  tbe  drill  hole  In 
Itie  lateral  Femoral  condvte.  Push  the 
provisional,  in  place  l^nning  laterally, 
Iticn  mr-d  lally.  tic  swethat  soft  tissue 
is  noLtrapped  beneaLFi  LFie  provisional 
eotnponenl. 

Knee  in  extension 
Check  to  ensure  that  the  Femoral 
Provisional  h  flush  a  gainst  The  resected 
surface  on  tFie  medial  condyle*  Then 
refract  (he  lateral -side  ;ind  chedc  to 
make  sure  it  Is  Flush  onlhe  lateral  side. 
iheFemwat  F^ovisional  should  be 
centered  modi  olatcrailyen  The 
distal  lemur. 

Attach  the  appropriate  Tibial  Articular 
Surface  Provisional  and  perform  a  trial 
reduction.  Check  ligament  stabile  in 
ejcterftlon  and  in  30*  $0*p  and  W 
HmIoil  Allempl  to  distract  the  print  In 
flsmntoonsurethat  ftimU  not  #stract, 
IF  a  pc-sl  Eli  or  stabilized  component  Is 
used,  hyperflex tire  knee  and  dredt  to 
make  sure  that  the  spine  still  engages 
th  e  cam. 

Insert  the  tutelar  Provisional  onto  tire 
resected  patellar  surface.  Perf  orm  a 
ROM  to  check  patellar  tracking. 

WiMicomponeuL  position,  ROM,  and 
joint  stability  have  Item  confirmed, 
remove  all  prawslonal  components. 


Removal  of  Femoral  Provisional 

wing  Optional  WI'S  femoral 

In  sorter /Extractor 

Ensure  (A)  and  (B>  are  still  sel  properly 

For  provisional  tVI>0  being  used  [F»Sor 

CR>. 

Rwition  instrument  ho o*  under 

pre visional  £F )  (Tig. 


lumlension  adjustment  knob  ©  to 

tigFiten  m  loosen  as  needed. 

Close  lotting  handle  tG). 

Atiadi  sLaptunm  ier  iH) ,  axiraa. 

Surgeon  Notes  &  Tips 
*  In  performing  the  ui.ri  reduction 
and  during  i mptarnafion  of  the 
Fen  lorat  iPra visional  ur  prosthesis* 
make  corf  ai  n  that  no  portion  of  |he 
quadriceps  or  soil  tissue  is  pinned 
beneath  the  component. 
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Step  Ten 

Implant  Components 

hi  this  step,  Lhe  I  Inal  components  are 
mptontod,  am)  the  tiblal  articu^r 
surface  is  secured  to  the  iiripUuLed 
tibial  twisa plate.  Wtm\ using  cemented 
com|XinEntsrtt  Is  recommended  rouse 
kvo  bandies  iA  content 

After  the  implants- haw  hem  chosen, 
make  a  Final  check  to  ensure  that  the 
femoral,  tibial  base  pCit#,  and  tibia! 
articular  surface  components  match. 

I  using  a  cemented  eofflChMieni*  mix 
[lie  fir  a  hatch  of  cemeM .  lire  cement 
should  have  a  doughy  consistency 
when  ready  for  us#, 

Tiblal  Base  Plate 

M  a  stemmed  libial  base  plate  will  be 
uwd  with  a  st*mi  e*temi  on,  attach  (M 
desired  slem  extension  to  the  stem  and 
«rik#i  once  with  a  ma  llet.  If  a  iOmm- 
|J|mm  thick tiblal  articular  surface  will 
bv  used,  insert  die  locki  ng  screw  lor 
the  st  em  e^Censwru 

I  a  stemmed  Libral  base  plate  will 
be  us  ad  witliom  a  stem  efflanslonK 
consld ef  the  need  For  a  taper  plug.  If  a 
t/Mim  or  20inru  articular  syrlaw  will 
bQU9«d,  a  Stflfn  coctondfln  <?r  taper 
plus  Is  required.  ft  taper  plug  also  can 
twused  with  the  10mm-14mm  Si  Ad 
articular  surface,  if  It  Is  planned  to 
use  .1  14min  articular  surface  or  if  the 
flexion  and  extension  gaps  are  not 
balanced,  consider  using  the  taper  plus 
in  ca»  the  final  reduction  revels  that 
■  Is  necessary  to  switch  to  a  1  ■mm  or 
20mm  articular  sijrfaee.  Furthermore, 
if  the  articular  surface  should  ewi 
require  revision  wiLh  a  1/rrim  or  JOmm 
thick  component,  the  taper  plug  Is 
already  in  place  and  revision  oF  the 
libial  base  pine  may  not  fcmcrasaiv. 
Assemble  the  taper  plug  ante  the  lihlaL 
pine  by  sinking  it  several  limes  wLli  a 
mallet  to  allow  the  ring- on  the- taper  to 
deform. 


Position  the  fcl  Retractor  pcstefftorty, 
the  Collateral  Soft  Tissue  Protector 
laterals  und  the  collateral  Retractor 
medially.  haiblux  the  tibia  .interiorly. 
Place  a  layered  cement  on  Efie 
underside  ofthe  tibial  base  plate* 

around  the  keEl,.  on  the  resected  tibia  I 
surface  and  in  iliotibial  IN  canal. 
Position  the  tiblal  base  plate  auto  Iho 
tibia  and  use lhe  llbial  Impatlor  to 
impact  ir  until  fully  sealed  ins  lOaK 
Thoroughly  remove  airy  excess  cement 
in  a  consistent  manner. 


v 


Fij.  10a  Use  HieUblallmpacbr  to  Impact 
the  tiblal  bara  piale. 

Femoral  Companent 

Attach  LFie  Femarat  component  Lo  the 

Femoral  impactor/DctradDr. 

Knee  in  70*WD  flexion 
Place  Lhe  Go  lid  Lera  I  Retedclor  laterally, 
an  Army^Navy  retractor  anteriorly,  and 
a  rake  refractor  on  Lhemeniscat 
bed  medially. 

Place  a  I  a  vet  af  comert  on  the 
underside  or  Lhe  utosllieyv  and  in  Lhe 
halos- drilled  in  the  Femur. 


Attach  the  Femoral  , 'll  impactor,1' Extractor 
to  iho  femoral  component.  Insert  the 
femoral  component  onto  the  distal 
feint*' by  translating  die  component 
Laterally  until  The  lateral  png  aligns 
wi  th  the  dril  l  hale  In  the  Idl  erat  femoral 
condyle.  lake  are  to  avoid  scratching 
the  implant  component  surfaces. 
Disposable,  plastic  Tiblal  mate 
frot  actors  may  be  temporarily  Inserted 
oritotlHf  llbial  Base  HaLe  to  protect 
th# implant  surfaces  during  insertion 
of  the  Femoral  component.  Remove  lhe 
TilAil  Plate  Protector  after  tha  femur  i  s 
soared.  I  Pn-  sure  that  soft  tissue  is  nel 
trapped  beneath  Lhe  Implant,  Uve  a 
mallet  to  impact  the  component  until 
Fully  seated. 

Remove  the  Femoral  impact  or/ 
Evador, and  the  retractors.  Check 
the  medial  and  lateral  sides  t-p  make 
sure  lhe  femoral  component  Is  Fully 
impacted.  Remove  any  shows  cemera 
in  a  thorough  and  consistent  manner. 

AUenul'ivgly.  pus- ll  lhe  component  in 
pl.ii'f'  I Vf  hand  beginning  larerally,thon 
medially,. 
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Component  Implantation 

-■"Jift  the  I  inrtdi  il  lid vi?  I  h'-i-ti  chawjn, 
nuifce  one  Eitst  check  l  u  ehsufe  that  die 
iffliflMl,  iihJ^l.aiwj  jr4a4ar  ‘inffae* 
cfHTipcriBfil^  iri-iilch . 

Articular  Surface 

Insertion 

The  AiEicuLrtr  Swtace  Inserter  applies 

berth  ^ovrvwunl  iikI  rtinviPd  force* 

Vo  aJd  Inlhelnsertiwuifthe  articular 
surlnc*?  lmtIq  Llielibirii  hlii  plate. 

Filth  H  ii-  levif  on  thelnsefftBf  ruIlM  lo 
ellher  -side.  Hatelhe  arEictiitr  surface 
wrto  Vile  ri  I  h.-iI  btnpLdfr,  « Ifi-iglng 
ll^  dovetdiK  (rig,  mb).  Slc-iidv  Hie 
wrld  £#  on  (Imbue  tilace  mill  *me 

turn!  tv/  .1 1  >j  i>  vi  iig  downward  jot  ■••s-ijn- 
iw.vtr  iFu-  pd^lOrtftKJdl^  cirtuuL 
Enffajf  th*  book  on  the 
Ihe  mating  -la  I  In  Ihe  front  of  Ihe 
I  m  te  .uni  domihe  lever  mth 


vnr  Indf Af I ng mi  s  ^i odd  I wk  t ho 

Inserter  to  the  ba-seplale.  Squeeze 
Ihe  handler  ol  Hie  iuserm  r..  m>,u  ih, 
■-ii  I  pi  i  il  ri  r  miMacp  (F  ig.  1  uc?_  Qpen  tho 
lever and  remove- Ilie-int&rEer,  Insert 

an  Ji  McuUi  tmfiLit  only  onei-  tever 

reinsert  the  seme  arUcufar  surface 
onto  >  iibiiibaiv  pi  air. 


ns=  l&fe 
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Pate  liar  Cam  ponemt 
NesSsn  PrlmtiyPofow  Pauli*  ^ilh 
Tra  be  cula  r  Me  tal  Mate  rid  I 
Knee  in  70“-9Q* flexTibri 
NOTE:  iFthe  Imp!  and  post  brglns 
1o  mgiise  at  an  angle.  the  implant 
should  be  removed  and  repositioned 
perpEndlailar  to  the  resected  surface, 
ktsert  the  paiella  again  nod  reclamp, 
applying  .111  even  distribution  of 
pressure  on  IliepiileMar  surface. 

Neafieii  AIL- polyethylene  Pate  lla 
Knfra  \n7QB-90*fh^m 
J^ply  cement  to  lhe  anterior  surface 
and  peg-.-.  ol  I  he  pritelliu  coinpuneOI 
while  in  a  doughy  consistency.  Locate 
the  -drill  r-d  peg  holes  and  use  Lhe 
PataU  CIaiw  to  inserf  and  secure  ihe 
patella  In  place.  Hilly  open  lhe|awsof 
Cht  damp  and  align  the  teeth  to  Lhe 
anterior  surface  of  the  patei  I*  anrflho 
plastic  ring  to  (he  posterior  surface-  ol 
tho  implant.  Use  the  damp  to  apply  a. 
sigmlFl  cant  am-nute  of  pressure  ro  the 
inptiUt  to  fully  seefl  lhe  impUml  mi  the 
patellar  surface.  Ihon  romowcxco**, 
cenriertL 


Tibia  I  Articular  Surface 

PC  w*  In  flexion 

Use  rho  Articular  Surface  Insertion 
hftinjirierit  to  attach  the  appropriate 
tibial  articular  surface  oimto  thotlhial 
base  pluletFig.  K'dk 


Fig.  lOd  Inse^i  the  tlblatartlcutarsarBte 
onto  ibe  tlhnl  base  plafe 


Technique  for  17mm  and  Thicker  Tibia  I 
ArticuLa  r  Surface  Assem  b  I  ies 
A  socondary  locking  screw  K  requlrod 
lor  lhe  1  /mm  and  Lineker  tibia! 

articular  surface  components  if  using 

a  Fie*  Femoral  Component.  Therefore,, 
stemmed  tibia!  base  plates  tfib  either 
a  stomoitpnslonorlafier  plugmusl  ho 
used  with  These  thicker  companenls 
(Fig.  IGejo  This  assists  in  I  iff  off 
reslslanceat  higher  fledon  positions. 


I  I 

&  ISU 

‘tT 

n  ft 

NtfShtpl  Molded  Fruo.n#  Po^erhyle  m 
Fig.  30? 


hQ  Tfc  The  pegged  plate  cannot  be  used 
with  lhe- 1 7mm  ar  thicker  IN  et-$hape 
molded*  Highly  Cross  I  inked 

FVityrtliylenfl  articularsnrfacr-. 

With  IheftOita.nir  highly  Crasslinked 
Rrfyahylene  Artia4arSurfa.ee 
Component  (17mm  and  (hidter  onlyj, 
ihemetil  Locking  dip  arid  screw  are 
packaged  separately  fromilhe  tibial 
articular  surface  Container,  but  in  lhe 
same  l»k.  Before  inserting  th  e  ti  btel 
articular  surface.  Insert  the  mEtal 
locking  dip  into  lie  anterior  slot  of 
t  ho  onm  part  merit.  Ihorail  should  bo 
-il  sin.1"  ih  1 1 io  -|  -1  !.!■  i ■  lhe  stoL, 

There  is  an  jrrow  on  lhe  superior  side 
of  the  locking  dip  Ehal  mdi  cates  the 
coneci  direction  for  insertion.  The 
purpose  oF  tho  rail  Is  to  prevent  the  clip 
from  bang  assembled  iucorredly.  Hie 
metel  locking  clip  should  gkde  easily 
Into  the  slob  The  clp  is  properly  seated 
when  a  dek  is  heafd.  Forme  molded 
tiblal  articular  surface,  lhe  metal 
locking  dip  is  preas-sauMed  into  die 
compown*. 

A  taper  plu  g  also-  can  be  used  with 
the  lGmm  ta  Hmm  articular  surface 
component*,  II  you  plan  to  use  a  14  mm 
componml  ortheflejclon  and  c-stensJon 
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gaps  er*  nut  balance  ccmsidtr  using 
the  taper  plug  in  case,  'during  final 
reduction,  It  would  be  necessaiy  to  use 
a  1  7mm  nr  thicker  campon  eni .  Thenp 
if  lhe  anicular  surface  should  ever 
require  revision  with  a  1 7mm  nr  thicker 
component,.  the  taper  plug  is already 
in  piacr  and  revision  of  th^  UhW  plate 
componenl  may  noL  be  necessary, 

For  Back  Table  Assemb  ly: 

] .  Assemble  the  slem  extension  or  the 
tapir  plug  onto  the  tsbiefl  ptetc  by 
striking  it  wiiii  a  mallet  once  for  the 
stem  extension  or  several  Limes  Tor 
lhe  taper  plug  to  allow  The  ring  nn 
the  laper  plug  to  defoim. 

2.  Place  the  tibial  plate  onto  the 
holding  flKturc,vtfilch  Is  an  Inle^al 
part  oF  the  instru  ment  case . 

3 .  Use  the  articii lar  su rface  In serler l o 
insert  The  dflicutar  surface  onto  the 
Tibial  plain. 

4.  With  the  articular  surface  in  place, 
insert  tlw  second m  locking  sow 
(packaged  with  the  anlicuLar 
suUfcice), 

5.  Use  Lhe  LCX'K  DelleCtiCni  Beam 
Torque  Wrench  wilh  lhe  i.Smm  Hex 
Driver  Bit  attached  to  torque  tfpe 
screw  to  35  in-  lbs.  Altaimlfrbly, 

if  usi  ng  a  stem  exten slon.  use  the 
Tibial  Plate:  Wrench  to  sulMmhen 
torqulng  lhe  screw.  Ho  not  over  or 
under  torque. 


for  |n  viv*  Assembly: 
ir  preferred,  1 7mm  or  thicker  articular 
surface  cam  be  inserted  alter  lhe  libial 
plate  has  been  implanted. 

1 .  Assemble  the  slem  extension  or  the 
toper  ping  onto  the  tibial  p lac  by 
Striking  It  with  a  mallet  mice  for  the 
slem  extension  or  several  limes  for 
the  taper  plug  To  allow  the  ring  on 
the  taper  plug  to  deForm. 

It  tis  recommended  bo  secure  lhe 
toper  piiig/stem  extension  us-lng 
a  Replacement  Stem  Extension 
Locking  Screw:  00-S9BO-090-00 
(available  as  a  separate  stehle 
item)  More  implanting  Iheiibial 
compontnL  This  screw  wilt  hold  toe 
taper  plug/ stem  extension  in  place 
when  the  tibial  plate  is  Impact*! 

2.  Implant  the  tibial  plate"-  Remc^e 
the  Replacement  Stem  Fxlentlon 
Lucking  Screw  and  discard.  II  bo  Fie 
cement  is  being  used,  wart  for  lhe 
cement  to  completely  cun  before 
InuHting  the  artlclulftr  surtaot.  An 
articular  so  rface  provisional  may  be 
Inserted  to  use  as  ipsa  while  the 
cement  cures. 

>.  Remove  1  he  an  icutar  surface 
provisional  and  insert  she  anlcuiar 
s  urface  onto  the  plate  usi  ng  1  he 
Arti  cular  Surface  I  nserter. 

4.  Setecl  lhe  Tib  iul  Rale  Wren  ch  LhuL 
matches  me  sUe  of  the  Implant  to 
be  assembled.  Place  Lhe  end  of  Lhe 
wrench  over  th*  tibial  plate.  Ensure 
that  the  wrench  is  in  Line  with  lhe 
base  of  tlw  tibial  plate. 

5.  Plate  lhe  locking  screw  (packaged 
with  the  articular  surface)  through 
the  hole  in  the  arti  cuter  surface, 

G.  Use  the  LCGC Deflection  Beam 
Torque  Wrench  attached  to  the 
43mm  Hex  Driver  Bit  to  torque  the 
5f.r him  to  p^ln.-lbs- 


1  For  cemented  sppll cations,  apply  a 
layer  or  bone  cement  to  lhe  underside 
of  th  e  tibia  I  plaieh  around  tfie  keel,  on 
lhe  resected  Mhial  surface  and  in  the 

tabid  IM  unaL  ftemme  the-  excess 
cement 

ftecheck  the  RDM  and  stability  erf 
lhe  knee. 

Surgeon  Notes  S.  Tips 

*  lake  care  that  the  retractors  do  not 
inadvertantly  dislodge  the  tibial 
base  plate,  particularly  on  lh  e 
postern  late  rat  comw- 

«  Verify  Ihat  th  r  femoral  component 
is  l  ulty  seaLed  before  Clewing 
the  WOLind- 

*  Confl  nn  that  no  portion  of  the 
quadriceps  mechanism  has 
been  pinned  be  n  hath  the 
Femoral  component. 

Swr&i cal  Support  Team  T(p$ 

■  lhe  cement  may  need  to  be 

prepared  in  two  separul e  batches  to 
Implan  t  the  components. 

■  Place  cemenT  ofito  Lhe  tibial 
hone,,  position  me  implant  and 
impact  into  place.  Remove 
excess  cement. 

Place  ce ment  onto  toe  fe morel 
component,  then  position  lhe 
Implant  and  Impact  Into  place. 
Remove  all  excess  cement  in  a 
consistent  manner. 

*  After  the  tibia!  baseplate 
component  has  been  implanted, 
ensure  Ihat  the  tibial  base  plain 
component  has  nor  been  dislodged 
when  Lhe  Femur  is  subluxed 
anteriorly  to  implant  lhe  femoral 
component. 
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AmtyoifTHfll  Kuhy  fraimculisf  Mtiaf 
surface  an  d  post  whi  If  In  a  doughy 
consistency.  Locate  (he  drilled  ix>st 
hnle  and  use  Iho  Primary  Porous 
Patellar  Clamp  Lo  Insert  and  secirelhe 
patella  in  place.  Fully  open  tihejaivs  of 
I  he  d  amp  and  align  the  teeth  to  I  he 
anterior  surface  of  ihe  patella  and  ih# 
plastic  ring  to  I  ho  posterior  surFaco  oF 
Hie  implant .  Use  1  Fie  damp  to  apply  u 
■significant  amount  of  pressure1  to  the 
implant  to  Fully  seal  1  he  implant  on 
the  patellar  surface  CRa,  loft.  Rei nove 
eicess  cement. 


Apply  carwfrt  to  the  anterior  surface 
and  pr-gs.  oFthe  patellar  component 
while  in  a  doughy  consistency.  Locate 
Ihn  drilled  pnghelos  and  lko  the 
Patellar  Clamp  to  invert  and  secure  1  lie 
patella  in  place.  Fully  open  the  laws  of 
the  damp  and  align  thelEeth  to  the 
anterior  surface  of  the  patella  and  the 
plastic  n  ng  to  the  pnsterl  or  surface  of 
the  invlditl.  Use  the  damp  to  apply  a 
slsniFlcant  amoum  of  pnessuroto  Iho 
■  ntplaril  iDfullyseal  tFie  impianL  on 
the  patellar  surface.  Remote  eacess 
cement. 


Step  Eleven 

Close  Incision 

Freely  irrigate  Ihe  wouhJ  willi  the 
colullcn  oFchoice.  A  drain  may  be 
placed  Inlracapsulaily.  Then  dose 
the  wound  with  sutures*  and  apply  a 
bandage. 


NOTE:  IF  the  implanl  pod  begins 
to  engage  at  an  angle,  the  Implant 
should  he  removed  and  repesllloned 
perpendicular  to  the  rejected  surface, 
msert  the  patella  again  and  reclam 
applying  an  even  dlstnbutianof 
pressure  on  the  patellar  surface. 
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Appendix  1 


Ilii-V  ,l  jj||r'|'.i]cP.  *»hnljli|  tif  UM=d  ISil 

supplempnl  in  rhn  MIS  Quaff- Sparing™ 
■-ml  Mis  Afj^rrr  Rtfrfmt.'  A  m  i  surukai 
lechniquii!  when  Ih »*  ■  ipi I iii;i I  MIS 
IftawpliK  luting  Bam  0«£-  Aj  is, 
nsitf.  r^llinv  rln-  instructions  m  iiw 
MIS  L  ticking  Boom  [00  S5N^-02S 
rtf i  hin  tfit  mis  QirrNJ  S/in/foA 
and  MIS  .Hufrr  A^hipn  a  in  1 

suriEiHl  tncimiaui^.  wriilt  t  Hu-  Minima 

additional  Instructions. 


Surgical  Technique 

Attach  ih-r-  Ml  S  Mest  i  ipl  ntr  \  ocklng 
Boom  iiHiiP  ytda  mi  the  apprciprCiU1 
MIS  Qimtl  SptittilQ  A/P  Siting  lnwr 
or  MIS  Haiti  toe/we™  J|  Jn  ]  A/P 
Siting  Guitf*1.  The  position  whln-liunm 
dltlali's  iJim*Ui  pi  mil  nr  the  saw 
liladi'  ronitwiior  bam  cm  and  du? 
desiiKJ  iinlpf  Nir  pnsalliwi  ur  I  ht-  rHruinl 
component. 


Trfrw  ■  .ping  Fa. n  iii  ilody 


1 flgHWPd  UlH'S 


Ad|us&hl*5lykll 


Ailj  llsEl'iLLii  stylui.  The  li^-'smisine 
Boom  K  alladipd  lo  Iheyukeot  111  ^ 

A/P  VU'm  instrument  (I  ig  B§l  Ih-* 
Stylus  lip  Is  HgUended  Em  I  he  ideal  point 

on  tfie-Meriw  Iwiatal  mt«  which 
is  hw-i  ri-i  |  slightly  l.xti^i  nt  \&u*\m 
lenmral  tptkjvi-',  pronnul  uf  Him  Lili-nat 
cjondyte  where  rh«-  stop*  twain*  ro 
flatten  (i.h.  valley). 

Hie  telescoping  Hwm n  can  eaily  be 

adapted  Ilw  use  on  eiihrftell  medial/ 

rlalH  lateral  nr  right  mi-di.il/lefl  lateral 
cave*.  For  ten  media1/i%ii[  lateral  uw, 
itie  etching  L  MtO/W  I  Al  must  N1 
Pinhiiri  up  will  rhe  stylus  l  Ip  pointing 
down-  it  the  fttfratip  is  pointing  up. 
vilde  Hkj  stylus  kd  I  ytS  si  ally  using  Ihn 
hm  to  a  nd  rota  ti-  the  k  i  sci  dearer 

cnuntetdixkttfse. 

NOTE;  Hi>-  SrdiiH  m  desvgnedi  lc  be 
touted  at  only  one  pu*iri«r. 

the  itnsiwid  lirres  on  Hie  stylus  .mrj 
Ihe  Body  oil  liie  ktEscupIng  locking 
Boom  must  be  itlalkfcimienr  during 
siting. 

NOTE;  t  lujr  any  soli  tissue  or  bony 
Iniginunts  Itial  inh-Th'rewilli  th-.* 

Iptesci  >pi  ng  Eh  h  if  in  1 1.  tdy  pin  ir  n  i  si  tin  g. 


leu 
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Pit  aw  refer  to  package  Insert  tor  complete  p?ctiu£l 
i  nformatiqsi  r  me  lg  d  \i\  g  ton  U a-ind  i cat  lonS ,  wa  rn  i  ng&r 
precautions,  arc  adver&e  effects. 


Contact  your  Zimmer  representative  or  visit  usalwww.zfnnner.com 


zimmer 


ii  mi  1 1  mu  1 1  ii  1 1  im  i  ii  ihi  i  ii  mm  i  ihiii  1 1  ii  u 


*  HI  H&TSWMKM  1 5P09G 
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Appendix  F  -  Results 


Femoral  Preparation 

Group  Analysis 


Medial(+)/Lateral(>)  Anterior(+)/Posterior(-)  Medial/Lateral  Anterior/Posterior 


Figure  F.l.  and  F.2.  Average  IM  rod  alignment  (left)  and  deviation  from  target  (right)  (Degrees)  by  group 
in  the  cadaveric  trials. 


Average  IM  Rod  Insertion  Point  by  Group 


Deviation  of  IM  Rod  Insertion  Point  from  Target 
□ah  I  (Average  by  Group) 


AnTencr(+)/Posterior(-)  Medial(+)/Lateral(-|  Anteriar/PDsteriar  Medial/Lateral 


Figure  F.3  and  F.4.  Average  IM  rod  insertion  point  (left)  and  deviation  from  target  (right)  (mm)  by  group 
in  the  cadaveric  Trials. 
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Average  Femoral  Distal  Cutting  Guide  Alignment  by  Group 

6.0 


Flexion(+)/Extension(>)  Valgus(+)/Varus(-) 


Deviation  of  Femoral  Distal  Cutting  Guide  Alignment 
from  Target  Values  (Average  hy  Group) 


Flexion  Valgus/Varus 


Figure  F.5  and  F.6.  Average  femoral  distal  cutting  guide  alignment  (left)  and  deviation  from  target  (right) 
(Degrees)  by  group  in  the  cadaveric  T rials. 
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Alignment  by  Group 
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-2.5 

Flexion{+)/Extension(-)  External(+)/lnternal(-) 

Rotation 


Deviation  of  Femoral  Posterior  Cutting  Guide 
Alignment  from  Target  Values  (Average  by  Group) 

6.0 


Flexion  External /Internal  Rotation 


Figure  F.7  and  F.8.  Average  femoral  posterior  cutting  guide  alignment  (left)  and  deviation  from  target 
(right)  (Degrees)  by  group  with  regards  to  flexion/extension  and  external/internal  rotation  iin  the 
cadaveric  trials. 


Average  Femoral  Osteotomy  Alignment  by  Group 
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Figure  F.9  and  F.10.  Average  femoral  osteotomy  alignment  (left)  and  deviation  from  target  (right)  by 
group  with  regards  to  flexion,  varus/valgus  and  external/internal  rotation  in  the  cadaveric  trials. 
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Analysis  by  Trial  Type 


Average  IM  Rod  Alignment  by  Trial  Type 

2.0 


-1.5 - 

-2.0 

Varus/Valgus  Flexion/Extension 

Figure  F.ll.  Average  IM  rod  alignment  for  each  trial  with  respect  to  the  varus/valugus  and 
flexion/extension  angle  (Degrees). 
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Figure  F.12.  Average  deviation  of  IM  Rod  alignment  from  target  for  each  trial  with  respect  to  the 
medial/lateral  and  anterior/posterior  angle  (Degrees). 
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Deviation  of  IM  Rod  Insertion  Point  from  Target 
(Average  by  Trial  Type) 


Anterioposterior 


Medialilateral 


Figure  F.13  and  F.14.  Average  IM  rod  insertion  point  (left)  and  deviation  from  target  (right)  (mm)  for 
each  trial  with  respect  to  the  anterior/posterior  and  medial/lateral  distance. 


Average  Femoral  Distal  Cutting  Guide  Alignment  Deviation  of  Femoral  Distal  Cutting  Guide  Alignment 

(bv  Trial  Tvoel  from  Target  Values  (Average  by  Trial  Type) 


FI  ex  i  on(+),'Ext  ens  i  on(-)  Val  gus(+)  WarusH 


Flexion 


Varus/Valgus 


Figure  F.15  and  F.16.  Average  femoral  distal  cutting  guide  alignment  (left)  and  deviation  from  target 
(right)  (Degrees)  for  each  trial  with  respect  to  the  flexion/extension  and  varus/valgus  angles. 


Average  Femoral  Posterior  Cutting  Guide 
Alignment  (by  Trial  Type) 
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Deviation  of  Femoral  Posterior  Cutting  Guide  Alignment 
from  Target  Values  (Average  by  Trial  Type) 
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FI  exion  (+HExten$ion(-)  Extemal(+)/lnternal(-)  Rotation 


External/lntemal  Rotation 


Figure  F.17  and  F.18.  Average  femoral  posterior  cutting  guide  alignment  (left)and  deviation  from  target 
(right)  (Degrees)  with  respect  to  the  flexion/extension  and  external/internal  rotation  angles. 
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Average  Femoral  Femoral  Osteotomy  Alignment  by  Trial  Type 
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Figure  F.19  and  F.20.  Average  femoral  osteotomy  alignment  (left)  and  deviation  from  target  values 
(right)  (Degrees)  for  all  trials  with  respect  to  the  flexion,  varus/valgus  and  external/internal  rotation 
angles. 
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Figure  F.21.  Average  posterior  slope  (Degrees)  of  the  tibial  cutting  guide  by  group. 
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Average  Tibial  Cutting  Guide  Alignment  by  Group 
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-2.0 

Varus(+)/Valgus(-) 


Figure  F.22  and  F.23.  Average  tibial  cutting  guide  alignment  (left)  and  deviation  from  target  (right) 
(Degrees)  by  group  with  respect  to  the  varus/valgus,  external/internal  rotation  and  posterior  slope 
angles. 


^  ^  Average  Tibial  Osteotomy  Alignment  by  Group 
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(Average  by  Group) 
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Rotation 


Figure  F.24  and  F.25.  Average  tibial  osteotomy  alignment  (left)  and  deviation  from  target  (right) 
(Degrees)  by  group  with  respect  to  the  varus/valgus,  external/internal  rotation  and  posterior  slope 
angles. 


Posterior  Slope  (Degrees) 
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Analysis  by  Trial  Type 

7.0 
6.0 
5.0 
4.0 
3.0 
2.0 
1.0 
0.0 

Figure  F.26.  Average  posterior  slope  of  the  tibial  guide  (Degrees)  for  each  trial  type. 


Average  Tibial  Guide  Posterior  Slope  (by  Trial  Type) 


Sawbone  1  Cadaver  1  Sawbone  2  Cadaver  2 


Average  Tibial  Cutting  Guide  Alignment  (by  Trial  Type) 
9.0 


Varus(+)/Valgus(-)  External  (■*•)/! nfernal(-)  Rotation 


Deviation  of  Tibial  Cutting  Guide  Alignment  from 
Target  Values  (Average  by  Trial  Type) 


■  Sawbone  1  ■  Cadaver  t 


Posterior  Slope  Varus/Valgus  External/Internal  Rotation 


Figure  F.27  and  F.28.  Average  tibial  guide  alignment  (left)  and  deviation  from  target  values  (right) 
(Degrees)  for  each  trial  type  with  respect  to  the  varus/valgus,  external/internal  rotation  and  posterior 
slope  angles. 
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Average  Tibia  I  Osteotomy  Alignment  {by  Trial!  Type) 
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Deviation  of  Tibial  Osteotomy  from  Target  Values 
_ (Average  by  Trial  Type) _ 


■  Sawbone  1 
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Rotation 


Figure  F.29  and  F.30.  Average  tibial  osteotomy  alignment  (left)  and  deviation  from  target  (right) 
(Degrees)  for  each  trial  type  with  respect  to  the  varus/valgus,  external/internal  rotation  and  posterior 
slope  angles. 
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Appendix  G  -  Soft  Tissue  Balancing 
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Figure  Al.  Pre-operative  and  post-operative  frontal  and  transverse  laxity  measurements 
comparing  surgeons  in  Group  1  and  Group  2 
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Figure  A2.  Pre-operative  and  post-operative  frontal  and  transverse  laxity  measurements 
comparing  all  measurements  obtained  in  surgery  performed  on  cadaver  1  and  cadaver  2 
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COMPUTER-BASED  TRAINING  METHODS 
FOR  SURGICAL  PROC  EDURES 

This  application  claims  the  benefit  of  the  filing  of  co¬ 
pending  U.S,  Provisional  application  No.  60/372.873.  filed  5 
Apr.  1 6.  2002,  and  which  is  incorporated  by  reference  herein 
ill  its  entirety. 

BACKGROUND  OF  THE  INVENTION 

10 

Many  different  surgical  procedures  are  performed  to 
restore  normal  function  of  the  musculoskeletal  system  after 
acute  injury  (eg  fracture  of  a  bone),  or  to  treat  long  standing 
deformities  or  chronic  diseases  (eg.  arthroplasty  to  replace 
arthritic  joints).  Certain  mechanical  and  spatial  parameters  is 
define  the  technical  success  of  these  procedures.  These 
parameters  typically  describe  quantities  such  as: 

1 .  The  alignment  of  bones  on  each  side  of  a  joint  or  bony 
fragments  fixed  in  position  after  a  fracture; 

2.  The  shift  in  the  original  position  of  musculo  skeletal  tissues  20 
(c.g.  bones  or  bony  fragments,  tendons,  muscles,  and  liga¬ 
ments)  with  respect  to  their  relative  position  in  the  healthy 
skeleton; 

3.  The  laxity  of  joints  under  external  distracting  or  shearing 

loads;  and  25 

4.  The  relative  position  of  bones  during  joint  motion,  includ¬ 
ing  the  limits  of  motion  imposed  by  the  joints  or  body 
tissues. 

Based  on  extensive  experience  in  reviewing  the  results  of 
each  operative  procedure,  and  the  function  of  the  musculosk-  30 
eletal  system  in  health  and  disease,  orthopedic  surgeons  have 
developed  quantitative  guidelines  for  target  values  of  each  of 
these  parameters.  Through  reference  to  these  target  values, 
surgeons  are  able  to  gauge  their  success  in  achieving  the 
“technical  goals”  of  each  procedure.  Although  many  sur-  35 
geo  ns  agree  on  the  values  of  each  of  the  parameters  defining 
the  technical  success  of  each  operative  procedure,  few  tools 
arc  available,  during  the  surgical  procedure,  to  tell  the  sur¬ 
geon  the  extent  to  which  the  technical  goals  of  the  procedure 
have  been  achieved.  Numerous  disclosures  within  the  patent  40 
literature  teach  methods  for  guiding  surgeons  during  surgery 
using  computer-based  systems  within  the  operating  room. 
These  systems  have  been  introduced  into  many  operating 
rooms  in  Europe  and  arc  generally  termed  “Surgical  Naviga¬ 
tion  Systems.”  These  systems  generally  consist  ol'a  computer  45 
connected  to  opto-clcctrical  devices  that  are  utilized  to  mea¬ 
sure  the  relative  position  of  musculoskeletal  structures,  typi¬ 
cally  bones,  during  the  operation.  Typically,  optical  devices 
are  rigidly  connected  to  bony  structures  and  to  instruments 
that  are  aligned  with  bony  surfaces  cut  or  machined  by  the  50 
surgeon.  The  system  collects  information  from  the  measure¬ 
ment  devices  and  is  able  to  calculate  the  alignment  and  rela¬ 
tive  spatial  position  of  each  bone  and  any  other  feature  of 
interest  through  reference  to  the  known  geometry  of  each 
instrument,  bone  and  machined  bony  surface.  Typically.  55 
information  is  displayed  in  graphical  form  011  a  computer 
monitor  to  provide  information  that  is  useful  as  a  guide  to  the 
surgeon.  In  many  systems,  the  surgeon  sees  a  three-dimen¬ 
sional  rendering  of  the  hones  of  relevance  to  the  procedure 
and  the  relative  position  and  alignment  of  hi  s  instruments  and  60 
reference  axes. 

Although  Surgical  Navigation  Systems  can  be  useful  to  the 
surgeon  in  providing  immediate  spatial  information  during 
surgery',  this  approach  has  several  practical  shortcomings: 

1 .  To  generate  accurate,  patient-specific  models  of  bony  <0 
anatomy,  computer  tomographic  (CT)  scans  are  required  of 
each  patient.  In  many  parts  of  the  world,  this  adds  signifi- 
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cant  expense  to  the  use  of  the  System,  because  of  the  cost 
of  the  CT  scan  and  the  time  required  to  prepare  a  three- 
dimensional  computer  model  from  the  CT  data.  Although 
this  issue  may  be  addressed  through  use  of  generic  com¬ 
puter  models,  or  through  collection  of  data  intraopera - 
lively,  both  of  these  solutions  involve  either  a  reduction  of 
accuracy  or  additional  expense  through  time  and  equip¬ 
ment. 

2.  Surgical  Navigation  Systems  require  additional  time  and 
personnel  in  the  operating  room  to  set-up  and  operate  the 
equipment,  to  attach  optical  markers  to  the  skeleton,  to 
register  computer  models  to  (he  optical  markers,  and  to 
collect  and  interpret  data.  This  leads  to  longer  operations 
and  a  significant  reduction  in  productivity  for  the  operating 
room.  As  operating  room  time  is  extremely  expensive  and 
reimbursement  ibr  operative  procedures  is  often  fixed, 
independent  of  the  equipment  utilized  to  perform  the  pro¬ 
cedure.  utilization  of  Surgical  Navigation  Systems  is  often 
commercia  lly  unattractive . 

3.  The  computer  routines  developed  for  use  with  these  sys¬ 
tems  are  specific  to  each  surgical  procedure  perlbrmed  by 
orthopedic  surgeons.  This  means  that  surgeons  who  are  not 
specialized,  in  that  they  perform  procedures  involving  dif¬ 
ferent  parts  of  the  body  (eg.  knee  replacement,  ligamentous 
reconstruction,  and  fracture  reduction),  can  only  gain 
access  to  this  technology  if  they  operate  at  large  medical 
centers  with  the  resources  to  afford  the  cost  of  the  Surgical 
Navigation  System  and  each  of  the  specialized  computer 
programs.  As  most  surgery  in  (he  United  Stales,  as  well  as 
many  other  countries,  is  perlbrmed  at  many  small  lacilities, 
most  patients  will  not  be  able  to  receive  the  benefit  of  the 
existing  Surgical  Navigation  Technology. 

4.  Some  of  the  present  Surgical  Navigation  Systems  arc  cum¬ 
bersome  to  use  and  necessitate  increased  surgical  expo¬ 
sure.  This  is  only  possible  through  larger  surgical  incisions 
which  increases  the  length  of  the  patient’s  recovery  and  the 
risk  of  an  intraoperative  infection.  Some  systems  also  uti¬ 
lize  optical  marker  arrays  which  are  connected  to  the  com¬ 
puter  with  wires  which  can  complicate  the  surgical  proce¬ 
dure. 

SUMMARY  OF  THE-  INVENTION 

To  overcome  these  obstacles,  the  present  invention  takes  a 
different  approach  to  Surgical  Navigation  utilizing  similar 
technology.  Specifically,  the  present  invention  comprises,  in 
certain  aspects,  a  computer-based  system  that  allows  the  sur¬ 
geon  to  train  outside  the  operating  room  to  develop  and  refine 
skills  specific  to  a  particular  surgical  procedure.  Once  these 
skills  have  been  developed  using  the  inventive  training 
method,  the  surgeon  is  able  to  operate  freely  in  the  operating 
room  without  the  expense  or  the  impediments  associated  with 
conventional  Surgical  Navigation  Systems. 

Specifically,  the  present  invention,  in  certain  aspects,  is  a 
method  that  comprises  (a )  generating  three-dimensional  (3D) 
computer  models  of  orthopedic  devices  (i.c.  orthopedic 
instruments  and  implants),  wherein  the  data  corresponding  to 
the  3D  models  is  stored  in  a  memory  system  of  a  computer, 
the  computer  being  operatively  interfaced  with  a  visual  dis¬ 
play  monitor;  (b )  generating  3D  models  ol’a  targeted  surgical 
site  on  a  body  portion  based  upon  tomographic  data  stored  in 
the  memory  system  for  the  surgical  site;  and  (c)  inputting  into 
the  memory  system  select  target  values  corresponding  to  one 
or  more  measurable  technical  parameters  associated  with  the 
surgical  procedure.  These  technical  parameters  include  three- 
dimensional  positioning  and  dimensions  of  bones,  three-di¬ 
mensional  positioning  and  dimensions  of  soft  tissue  struc- 
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lures,  three-dimensional  positioning  and  dimensions  of 
orthopedic  devices  for  surgery,  and  values  corresponding  to 
range  and  loading  forces  associated  with  physiologic  joint 
motion,  and  joint  laxity.  One  or  more  tracking  devices,  such 
as  optical  tracking  devices,  for  example,  which  are  opera - 
lively  in  communication  with  the  computer  system,  are 
attached  to  the  body  portion.  The  surgical  procedure  is  (hen 
performed  on  the  surgical  site,  during  which  time  data  gen¬ 
erated  during  the  surgical  procedure  is  recorded  by  the  track¬ 
ing  devices  and  stored  in  the  computer  memory  system.  This 
tracking  data  corresponds  to  positioning  of  the  orthopedic 
devices,  bones,  and  soft  tissue  structures.  Next,  actual  values 
based  upon  the  tracking  data  arc  calculated,  the  actual  values 
corresponding  to  the  technical  parameters  set  for  the  surgical 
procedure. 

Once  the  actual  values  are  calculated,  the  actual  values  tire 
compared  to  the  target  values  set  for  the  technical  parameters 
selected.  In  certain  aspects  of  the  present  invention,  this  is 
achieved  by  generating  (on  a  computer  monitor  or  via  a  com¬ 
puter  paper  print-out,  for  example)  a  final  three-dimensional 
model  corresponding  to  the  3D  models  of  the  orthopedic 
devices  and  body  portion  post- surgery.  The  final  3D  model 
shows  actual  positions  compared  to  targeted  positions  of  the 
orthopedic  devices  with  respect  to  selected  anatomical  fea¬ 
tures  (i.e.  bones  and  soft  tissue  structures)  within  the  targeted 
surgical  site  of  the  body  portion.  The  actual  positions  corre¬ 
spond  to  the  actual  values  calculated  while  the  targeted  posi¬ 
tions  correspond  to  the  target  values  inputted  previously.  In 
certain  embodiments,  the  final  3D  model  shows  differences 
between  (a)  actual  positions  of  the  orthopedic  devices  with 
respect  to  the  anatomical  features  and  (b)  target  positions  of 
the  orthopedic  device  with  respect  to  the  anatomical  features. 
Here,  the  target  positions  may  be  defined  by  one  or  more  of 
the  following:  i)  fixed  anatomic  landmarks,  ii)  derived 
mechanical  axes,  iii)  derived  anatomic  axes,  iv)  positions 
selected  by  a  surgeon,  and  v)  positions  pre-determined  by 
consensus  or  convention  within  a  surgical  community. 

The  comparison  between  actual  and  target  values  set  for 
the  technical  parameters  selected  may  also  be  achieved,  in 
certain  aspects  of  the  present  invention,  by  generating  and 
displaying  oil  the  monitor  a  final  3D  model  corresponding  to 
the  3D  models  of  the  orthopedic  devices  and  body  portion 
post-surgery.  Here  the  final  model  may  show  actual  responses 
of  anatomical  features  to  loading  forces  based  upon  the  actual 
values  calculated  as  compared  to  predicted  responses  of  the 
anatomical  features  (i.c.  bones  and  soft  tissue  structures)  to 
loading  forces  based  upon  the  target  values  inputted.  In  cer¬ 
tain  aspects,  the  actual  and  predicted  responses  to  the  loading 
forces  displayed  on  said  final  three-dimensional  model 
include  displaying  (a)  geometry  of  space  between  resected 
bony  surfaces,  (b)  overall  position  of  a  bone  or  extremity,  (c) 
changes  in  length  of  a  bone  or  extremity,  (d)  magnitude  or 
distribution  of  mechanical  axes,  (e)  magnitude  or  distribution 
of  anatomic  axes,  (f)  positions  selected  by  a  surgeon,  and  (e) 
positions  prc-detemiined  by  consensus  or  convention  within 
a  surgical  community. 

In  certain  aspects  of  the  present  invention,  once  the  actual 
values  arc  calculated  based  upon  the  tracking  data  recorded, 
one  or  more  actual  values  may  be  compared  to  the  target 
values  via  a  graph  displayed  oil  the  monitor  and/or  printed  out 
directly  on  paper  via  a  computer  printer.  The  graph  may.  in 
certain  embodiments,  comprise  X-  and  Y-axes,  each  of  which 
corresponding  to  a  range  of  technical  parameters.  The  graph 
may  further  include  one  or  more  visual  target  zones  corre¬ 
sponding  to  an  acceptable  range  of  target  values,  wherein  the 
actual  values  are  plotted  on  the  graph,  either  outside  or  within 
one  or  more  of  the  target  zones. 
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The  method,  in  certain  aspects,  may  include  perfonning  a 
surgical  procedure  hav  ing  two  or  more  procedural  steps  and 
then  evaluating  one  or  more  of  the  steps  per  the  inventive 
method.  I  Icre.  the  comparison  of  actual  and  target  values  may 
5  be  achieved  by  generating  and  displaying  on  the  monitor  a 
final  3D  model  corresponding  to  the  3D  models  of  the  ortho¬ 
pedic  devices  and  body  post-surgery  for  at  least  one  of  the 
procedural  steps,  the  final  model  showing  actual  positions  of 
the  orthopedic  devices  with  respect  to  the  body  portion  com¬ 
ic  pared  to  targeted  positions  of  the  devices  with  respect  to  the 
body  portion  for  at  least  one  of  the  procedural  steps.  The 
actual  positions  correspond  to  the  actual  values  calculated, 
and  the  targeted  positions  correspond  to  the  target  values 
inputted.  Thus,  comparisons  can  be  made  for  each  step  of  the 
15  surgical  procedure. 

In  all  of  the  Ibrcgoiiig  aspects  of  the  inventive  method,  the 
final  three-dimensional  model  may  be  used  as  a  surgical 
training  tool  for  understanding  the  errors  and  reasons  for 
those  errors  that  occurred  during  the  surgical  procedure,  for 
2u  evaluating  different  surgical  techniques,  for  evaluating  the 
abilities  of  different  surgeons,  and  for  evaluating  the  perfor¬ 
mance  characteristics  of  one  or  more  orthopedic  devices  used 
during  the  surgical  procedure. 

The  inventive  method,  in  certain  aspects,  also  includes  (a) 
25  generating  three-dimensional  (3D)  computer  models  of 
orthopedic  devices  (i.e.  orthopedic  instruments  and 
implants),  wherein  the  data  corresponding  to  the  3D  models  is 
stored  in  a  memory  system  of  a  computer,  the  computer  being 
operatively  interfaced  with  a  visual  display  monitor;  (b)  gen- 
30  crating  3  D  models  of  a  targeted  surgical  site  on  a  body  port  ion 
based  upon  tomographic  data  stored  in  the  memory  system 
for  the  surgical  site:  and  (c)  inputting  into  the  memory  system 
select  target  values  corresponding  to  one  or  more  measurable 
technical  parameters  associated  with  the  surgical  procedure. 
35  These  technical  parameters  include  three-dimensional  posi¬ 
tioning  and  dimensions  of  bones,  three-dimensional  position¬ 
ing  and  dimensions  of  soft  tissue  structures,  three-dimen¬ 
sional  positioning  and  dimensions  of  orthopedic  devices  lor 
surgery',  and  values  corresponding  to  range  and  loading  forces 
4u  associated  with  physiologic  joint  motion  and  joint  laxity. 
Once  the  3D  models  arc  generated,  data  generated  from  two 
or  more  surgical  procedures  is  inputted  into  the  memory 
system.  This  data,  which  was  recorded  previously  via  (rack¬ 
ing  devices  used  in  those  surgical  procedures,  corresponds  to 
45  the  positioning  of  the  orthopedic  devices,  bones,  and  soft 
tissue  structures.  Actual  values  based  upon  the  tracking  data 
for  all  of  the  surgical  procedures  is  then  calculated.  These 
actual  values  are  then  compared  to  the  target  values  via  the 
display  of  one  or  more  graphs  on  the  computer  monitor.  In 
50  certain  aspects  of  the  invention,  two  or  more  of  the  surgical 
procedures  are  performed  by  different  surgeons,  such  that  a 
graph  may  be  generated  comparing  the  surgical  results  of  the 
different  surgeons.  As  for  the  other  aspects  of  the  present 
invention,  this  embodiment  of  the  invention  (i.e.  comparing 
55  results  of  different  surgeons)  may  also  be  used  as  a  surgical 
training  tool  for  understanding  the  errors  and  reasons  for 
those  errors  that  occurred  during  the  surgical  procedure,  lor 
evaluating  different  surgical  techniques,  and  for  evaluating 
the  performance  characteristics  of  one  or  more  orthopedic 
60  devices  used  during  the  surgical  procedure,  the  performance 
or  efficacy  of  different  surgical  techniques  used  for  certain 
surgical  procedures,  in  addition  to  evaluating  the  skills  of  the 
different  surgeons.  In  other  aspects  of  the  present  invention, 
the  method  may  be  used  as  an  aid  in  developing  preoperative 
65  plans  for  future  surgical  procedures,  wherein,  for  example, 
actual  data  collected  over  time  via  multiple  operations  of  the 
inventive  method  may  be  compared  and  analyzed  to  deter- 
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mine  optimal  positioning  of  surgical  instruments  and/or 
implants  for  a  particular  procedure.  Similarly,  actual  data 
collected  via  multiple  operations  of  the  inventive  method  may 
be  compared  and  analyzed  to  predict  “variability  envelopes” 
and  final  a  lignmcnt  of  implants  for  use  in  the  development  of  5 
future  preoperalive  plans. 

BRIEF  DESCRIPTION  OF  THE  FIGURES 

FIG.  1  is  a  flow  chart  of  describing  broadly  the  inventive  to 
method. 

FIGS.  2  and  3  illustrate  femoral  and  tibia!  axes  defining  the 
absolute  coordinate  system  used  in  generating  3D  models  of 
these  anatomical  features  in  knee  arthroscopy. 

FIG .  4  illustrates  an  exemplar)'  tracking  system  attached  to  t? 
the  femur  and  tibia  of  a  knee  model. 

FIGS.  5-9  are  various  graphs  and  drawings  used  to  illus¬ 
trate  the  use  of  the  inventive  method  in  a  knee  arthroscopy 
experiment  described  in  Example  1 . 

FI GS .  1 0- 17  arc  variou s  graphs  and  drawings  used  to  illus-  20 
trale  the  use  of  the  inventive  method  in  a  second  knee  arthros¬ 
copy  experiment  described  in  Example  2. 

FIGS.  18-21  arc  various  graphs  and  drawings  used  to  illus¬ 
trate  the  use  of  the  inventive  method  in  a  hip  replacement,  as 
described  in  Example  3.  25 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

The  present  invention  is  directed  to  a  method  suitable  for  -’u 
analyzing  surgical  techniques  using  a  computer  system  for 
gathering  and  analyzing  surgical  data  acquired  during  a  sur¬ 
gical  procedure  on  a  body  portion  and  comparing  that  data  to 
prc-sclccted  target  values  for  the  particular  surgical  proce¬ 
dure.  The  present  invention  allows  the  surgeon,  for  example.  3 
to  measure  the  technical  success  of  a  surgical  procedure  in 
terms  of  quantifiable  geometric,  spatial,  kinematic  or  kinetic 
parameters.  This  process  entails  calculation  of  these  param¬ 
eters  from  data  collected  during  a  surgical  procedure  and  then 
comparing  these  results  with  values  of  the  same  parameters  4 
derived  from  target  values  defined  by  the  surgeon,  surgical 
convention,  or  computer  simulation  of  the  same  procedure 
prior  to  the  operation  itself. 

For  purposes  of  illustration  only,  much  of  the  following 
description  of  the  present  invention  is  made  with  specific  4 
reference  to  its  utilization  in  total  knee  and  total  hip  arthro¬ 
plasty.  It  will  be  readily  recognized  by  those  of  ordinary  skill 
in  the  art,  however,  that  the  present  invention  may  be  utilized 
in  almost  all  orthopedic  surgical  procedures,  including,  but 
not  limited  to,  joint  reconstruction,  fracture  reduction,  surgi- 
cal  excision  and  ablation  of  tumors,  and  the  like. 

A.  Generation  of  Computer  Models: 

FIG.  1  is  a  flow  chart  illustrating  broadly  the  inventive 
method.  As  shown  therein,  the  method  first  comprises,  in  5 
certain  aspects,  the  generation  of  three-dimensional  com¬ 
puter  models  of  the  surgical  devices  1  to  be  used  during  a 
surgical  procedure  using  available  software  programs  com¬ 
monly  known  and  used  by  those  of  ordinary  skill  in  the  art. 
Exemplary  software  programs  include  computer-aided  6 
design  (CAD)  software  such  as  UNIGRAPIIICS  (vended  by 
EDS  in  Plano,  Tex.),  PROF.NG INFER  (vended  by  PTC.  in 
Needham,  Mass.),  and  AUTOCAD  (vended  by  Autodesk,  in 
San  Rafael,  Calif.).  Data  associated  with  the  generation  of 
these  three-dimensional  models  is  stored  in  a  memory  system  o 
of  a  computer  system,  the  comp  uter  system  being  operatively 
interfaced  with  a  visual  display  monitor.  A  preferred  com- 


6 

puter  system  includes  a  Windows-based  x86  class  machine. 
As  used  herein,  “surgical  dev  ices"  include,  but  are  not  limited 
to,  orthopedic  surgical  instruments,  such  as  cutting  guides, 
spreaders,  various  cutting  and  drilling  tools,  intramedullary 
rods,  stabilizing  pins,  reamers,  awls,  extramedullary  align¬ 
ment  guides,  distal  femoral  components,  custom  devices  to 
measure  the  planarity  of  cut  surfaces.  and  the  like.  “Surgical 
devices”  also  include,  but  are  not  limited  to  orthopedic 
implants,  such  as  femoral  stems,  acetabular  cups,  distal  femo¬ 
ral  components,  tibial  trays,  stem  extensions,  tibial  inserts, 
patellar  components,  and  the  like. 

The  inventive  method  further  comprises  gathering  tomo¬ 
graphic  data  for  a  target  surgical  site  on  a  body  portion  of  a 
human  or  animal  2.  In  orthopedic  applications,  the  body 
portion  will  generally  be  any  of  the  major  joints,  such  as  the 
hip,  knee,  shoulder,  wrist,  elbow,  ankle,  and  joints  associated 
with  the  fingers  and  toes,  as  well  as  the  soft  tissue  structures 
(i.e.  ligaments,  tendons,  cartilage,  muscle)  associated  with 
these  bony  areas.  The  body  portion  may  also  include  the  spine 
and  skull.  It  will  be  recognized  by  those  of  ordinary  skill  in  the 
art  that  the  present  inventive  method  may  be  suitable  for 
non -orthopedic  procedures,  and  thus,  the  body  portion  asso¬ 
ciated  with  the  targeted  surgical  site  may  be  elsewhere.  More¬ 
over,  “body  portion”  as  used  herein,  may  be  of  a  live  patient 
(human  or  animal),  a  whole  cadaver,  partial  cadaver,  or  an 
inanimate  anatomical  models.  Wliile  computed  tomography 
(CT)  is  preferred,  other  suitable  tomographic  techniques  may 
be  employed,  including,  but  not  limited  to.  magnetic  reso¬ 
nance  imaging  (MRI).  positron  emission  tomography  (PET), 
or  ultrasound  scanning,  as  discussed  in  U. S,  Pat.  No.  6.205, 
41 1  to  DiGioia,  III  et  al.  (hereinafter  “DiGioia  III.  et  al”),  and 
incorporated  by  reference  herein  in  its  entirety. 

The  tomographic  data  of  the  body  portion  is  transmitted  to 
a  computer  memory  system.  Based  upon  this  tomographic 
data,  the  computer  system  uses  software  loaded  therein  and 
programmed  to  create  three-dimensional  models  of  the  body 
portion,  namely  the  bony  and  soft- tissue  structures  affected 
during  the  surgical  procedures  3.  Exemplary  software  pro¬ 
grams  include,  but  arc  not  limited  to.  MATERIALIZE  and 
ANATY7E  3D. 

R.  Setting  of  Target  Values  for  Technical  Parameters: 

Once  the  computer  models  are  generated,  select  target 
values  corresponding  to  one  or  more  measurable  technical 
parameters  associated  with  the  surgical  procedure  are  input¬ 
ted  into  the  memory  system  4.  These  parameters  form  the 
basis  for  evaluating  the  surgeon’s  technical  performance  in 
performing  the  surgical  procedure.  Typically,  these  param¬ 
eters  will  define  the  three-dimensional  position  and  dimen- 
o  sions  of  bones,  bony  fragments,  and  soft  tissue  structures 
during  the  surgical  procedure.  [Note:  as  used  herein,  the  term 
“bones”  includes  whole  bones,  bone  portions,  or  bony  frag¬ 
ments.  Moreover,  the  terms  “position”  and  “positioning”  are 
intended  to  include  the  ordinary  meaning  of  the  terms  “align- 
5  ment”  and  “orientation.”  a s  well. ] .  Technical  parameters  may 
also  define  the  three-dimensional  positioning  and  dimensions 
of  devices  used  (or  implanted)  during  the  surgical  procedure. 
In  knee  arthroplasty,  for  example,  technical  parameters  are 
defined  with  respect  to  the  femoral  axes  (i.e.  flexion/exten- 
o  sion:  longitudinal,  mechanical,  and  anterior/posterior)  and 
tibial  axes  (i.e.  longitudinal,  medial/lateral,  and  antcrior/pos- 
terior)  (FIGS.  2-3).  The  technical  parameters  selected  may 
also  describe  the  range  and  loading  forces  associated  with 
physiologic  joint  motion,  including,  blit  not  limited  to,  joint 
5  laxity,  soil -tissue  balance,  range-ol  motion.  In  some 
instances,  the  surgeon  may  simply  elect  to  accept  delimit 
values  for  each  parameter  that  have  been  adopted  from  pub- 
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lished  guidelines.  In  other  cases,  the  surgeon  may  choose  to 
simulate  the  surgical  procedure  within  the  computer  using 
computer-generated  models  of  bony  and  soft-tissue  struc¬ 
tures  and  the  surgical  instruments  and  implants.  Oil  the  basis 
of  this  simulation  and.  quite  possibly,  computer  routines  that  5 
predict  some  parameters  describing  expected  joint  function, 
the  surgeon  may  elect  to  modify  the  delimit  parameters  or 
may  accept  their  applicability'. 

C.  The  Surgical  Procedure: 

Once  the  surgeon  lias  set  the  target  values  for  each  techni¬ 
cal  parameter,  he  or  she  performs  the  same  surgical  procedure 
5  oil  the  body  portion  (i.e.  an  inanimate  model,  cadaver  or 
cadaveric  portion,  or  live  patient)  7.  During  this  procedure, 
the  three-dimensional  position  and  orientation  of  the  sur¬ 
geon's  instruments  6  and/or  surgical  implants  and  the  bones 
and/or  soft  tissues  7  arc  recorded  using  an  tracking  system 
100.  such  as  an  optical  tracking  system,  vending  by  Northern 
Digital.  Inc.  (Waterloo,  Canada),  or  similar  devices,  includ¬ 
ing  but  not  limited  to  infrared  optical,  DC  magnetic,  AC 
magnetic,  laser  optical  and  inertial  tracking  technologies,  as 
also  described  in  DiGioia.  Ill  et  ah  (sec  FIG.  4,  for  example). 
This  tracking  data,  in  orthopedic  applications,  corresponds  to 
one  or  more  of  the  technical  parameters  discussed  above  (e.g. 
positioning  of  the  surgical  devices,  bones,  and  soft  tissue 
structures  as  well  as  the  range  and  forces  of  physiologic  joint 
motion.  The  tracking  device  is  operatively  connected  to  the 
computer,  and  thus  the  tracking  data  recorded  is  stored  within 
the  computer  memory  system.  It  should  be  noted  that  during 
the  data  collection  process  the  surgeon  receives  no  infomia-  , . 
tion  regarding  liis  technical  performance  or  any  differences 
between  the  intended  position  or  orientation  of  each  instru¬ 
ment  or  implant,  and  the  actual  position  or  orientation 
achieved  during  the  surgical  procedure. 

D.  Calculation  of  Technical  Parameters  (i.e.  Actual  Values:  35 

The  actual  data  collected  during  the  surgical  procedure  is 

processed  to  obtain  calculated  actual  values  that  may  be 
depicted  visually  oil  the  computer  monitor,  for  example  (and/ 
or  printed  out  on  paper  via  a  computer  printer),  either  via 
generation  of  a  graph  or  three-dimensional  models  8.  These  4n 
actual  values  correspond  to  the  tcclmical  parameters  set  for 
the  surgical  procedure,  as  discussed  in  more  detail  below. 

E.  Evaluation  of  Technical  Performance: 

Ihc  actual  values  derived  from  the  surgical  procedure  arc 
compared  with  the  original  target  values  9.  In  the  case  of 
many  operations,  this  entails  comparing  the  three-dimen¬ 
sional  position  of  implanted  components  after  surgery  with 
the  intended  or  target  values.  Specifically,  in  this  regard,  the 
inventive  method  comprises  generating  and  displaying  on  the  _fj 
computer  monitor  a  final  three-dimensional  model  corre¬ 
sponding  to  the  three-dimensional  models  of  the  surgical 
devices  and  body  portion  post-surgery.  This  final  three-di¬ 
mensional  model  show's  the  actual  positions  and  target  posi¬ 
tions  of  the  surgical  devices  w'ith  respect  to  selected  anatomic 
features  (i.e.  bone  and  soft  tissue  structures).  These  actual 
positions  correspond  to  the  actual  values  calculated,  and  the 
targeted  positions  correspond  to  the  target  values  selected  and 
inputted  into  the  computer  memory  system. 

F.  Data  Representation:  60 

Several  different  report  formats  arc  available  to  display  the 

results  of  the  inventive  method  in  a  way  that  is  most  mean¬ 
ingful  for  the  surgeon.  One  form  is  a  graph  in  which  at  least 
two  variables  are  displayed  (e.g.  measures  of  bony  alignment 
and  joint  laxity).  As  used  herein,  “graph"  includes,  but  is  not  65 
limited  to.  two-axis  graphs  (i.e.  X-axis  vs.  Y-axis),  pie  charts, 
bar  charts,  three- ax  is  graphs  (i.e.  X-.  Y-,  and  Z-axes).  and 
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other  types  of  diagram  suitable  lor  depicting  the  desired 
results  (see  FIGS.  5-10  and  13.  fur  example).  For  example,  the 
graph  may  have  an  X-axis  and  a  Y-axis  corresponding  to  a 
range  of  two  separate  technical  parameters,  as  shown  in  FIG. 
7,  for  example.  The  graph  may  further  comprise  one  or  more 
visual  target  /ones  corresponding  to  an  acceptable  range  of 
target  values.  The  actual  values  calculated  lbr  the  technical 
parameters  are  labeled  on  the  axes  and  may  be  visually  plot¬ 
ted  oil  the  graph,  either  within  or  outside  one  or  more  target 
zones. 

It  is  also  possible  to  depict  the  performance  of  one  indi¬ 
vidual  surgeons  in  comparison  with  a  group  of  surgeons  who 
have  performed  the  same  procedure  (sec  FIGS.  5-6.  for 
example).  Alternatively,  parameters  or  information  summa¬ 
rizing  the  distribution  of  those  values  on  the  graph  may  be 
displayed.  The  figures  shown  herein  illustrate  various  ways  to 
represent  the  actual  data  versus  target  data  values  described 
herein. 

G.  Diagnostic  Routines: 

The  results  of  the  procedure  may  be  displayed  on  a  com¬ 
puter  monitor  using  visualization  routines  that  allow  (he  sur¬ 
geon  to  view  the  following: 

a.  each  step  of  (he  surgical  procedure, 

b.  the  placement  of  each  instrument  with  respect  to  each  bone 
and/or  soft  tissue  structures,  and 

c.  the  consequences  of  each  surgical  decision  in  terms  of  the 
final  placement  of  the  orthopedic  implants. 

When  differences  between  the  intended  (i.e.  target)  and 
achieved  (i.e.  actual)  results  are  detected,  the  inventive 
method  displays  the  cause  of  the  deviation  in  terms  of  each 
surgical  step  and  variations  in  the  placement  and/or  alignment 
of  the  relevant  instruments.  The  inventive  system  allows  the 
surgeon  to  detenu ine  (he  specific  errors  in  surgical  technique 
that  have  led  to  the  observed  deviation  of  outcome  from  the 
original  pre-operative  goal.  For  example,  following  a  total 
knee  replacement  procedure,  the  system  may  reveal  that  the 
knee  has  inadequate  range  of  motion  in  llexiun  and  that  this  is 
associated  with  an  osteotomy  of  the  proximal  surface  of  the 
tibia  that  has  too  little  posterior  slope.  The  diagnostic  routines 
might  then  show  the  surgeon  that  this  error  was  due  to  mala¬ 
lignment  of  the  tibial  cutting  guide  in  the  sagittal  plane,  and 
that  correct  placement  required  that  the  distal  fool  of  the  guide 
be  elevated  by  an  additional  1 0  nun  above  the  anterior  surface 
of  the  tibia. 

II.  Prognostic  Routines: 

The  inventive  method  also  enables  the  surgeon  to  predict 
the  functional  result  achieved  by  the  original  plan  and  the 
actual  placement  of  the  components  at  surgery.  Computer 
routines  "exercise”  models  of  the  prosthetic  components, 
simulating  motion  and  laxity,  as  viewed  on  the  computer 
monitor.  These  routines  allow  the  surgeon  to  decide  whether 
a  hip  replacement  will  allow'  adequate  range  of  motion  in 
performing  prescribed  procedures,  or  whether  a  knee  replace¬ 
ment  can  be  performed  without  so fl -tissue  releases  to  achieve 
acceptable  gap  kinematics. 

The  inventive  method  lias  numerous  applications,  as  sum¬ 
marized  below  and  described  in  the  examples  to  follow,  these 
applications  including,  but  not  being  limited  to.  the  follow¬ 
ing: 

1 .  To  demonstrate  the  outcome  of  the  surgical  procedure  in 
terms  of  the  position  or  alignment  of  any  instrument  or 
implant. 

2.  To  determine  the  optimal  position  or  orientation  of  a  sur¬ 
gical  instrument  with  respect  to  the  musculo-skeletal  sys¬ 
tem. 
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3.  Through  use  of  the  ability  of  the  system  to  predict  the 

functional  performance  of  an  implant,  it  is  possible  to 
assess  the  performance  or  function  of  new  designs  of 
implants,  or  compare  the  relative  performance  or  function 
of  alternate  designs  of  devices.  5 

4.  To  assess  the  perlbrmance  or  function  of  any  surgical 
instrument  or  to  compare  the  relative  performance  or  func¬ 
tion  of  alternate  instruments. 

5.  To  demonstrate  the  difference  between  the  alignment  or 
position  of  each  instrument  and/or  implant  with  respect  to  to 
the  hones  and/or  soft-tissues  and  a  target  alignment  or 
position  defined  by: 

a.  fixed  anatomic  landmarks,  and/dr 

b.  derived  mechanical  and/or  anatomic  axes,  and/or 

c.  positions  and/or  orientations  nominated  by  the  surgeon.  15 
and/or 

d.  positions  and/or  orientations  pre-determined  by  consen¬ 
sus  or  convention. 

6.  To  demonstrate  the  outcome  of  the  surgical  procedure  in 
terms  of  the  predicted  response  of  the  bones,  joints  and  2u 
soil -tissues  to  loading,  including,  but  not  limited  to: 

a.  the  geometry  of  the  space  between  resected  bony  sur¬ 
faces; 

b.  overall  alignment  and  position  of  a  bone  or  extremity: 

c.  changes  in  the  length  of  a  hone  or  extremity;  25 

d.  the  magnitude  or  distribution  derived  mechanical  and/or 
anatomic  axes,  and/or 

c.  positions  and/or  orientations  nominated  by  the  surgeon: 
and/or 

f.  positions  and/or  orientations  pre-determined  by  consen-  .to 
sus  or  convention. 

7.  To  demonstrate  the  position  and  alignment  of  the  surgeon’s 
hands  and/or  the  surgical  instruments  during  a  surgical 
procedure. 

8.  To  predict  or  demonstrate  (he  magnitude,  direction  or  dis-  35 
tributionof  forces  imposed  on  body  tissues,  surgical  instru¬ 
ments  or  implanted  devices  during  a  surgical  procedure. 

As  described  above,  the  present  invention  is  ail  application 
of  surgical  navigation  technologies  that  allows  the  quantita¬ 
tive  assessment  of  surgical  procedures  with  reference  to  a  4o 
preoperative  plan.  This  preoperative  plan  defines  the  target 
positions  and  orientations  of  the  instruments  and  the  compo¬ 
nents  relative  to  the  bones.  During  the  operative  procedure, 
the  three-dimensional  motions  of  the  bones,  the  instruments, 
and  the  final  implant  components  are  tracked  as  the  surgeon  45 
per  forms,  without  providing  any  feedback  or  guidance  to  the 
surgeon  during  the  procedure.  The  entire  procedure  is  then 
reconstructed  in  virtual  space  to  compare  the  actual  outcome 
with  (he  ideal  outcome.  Moreover,  by  knowing  the  orientation 
of  each  and  every  surgical  instrument,  the  causes  of  mal-  50 
alignment  of  prosthetic  components  or  soil  tissue  imbalance 
can  be  diagnosed  in  terms  of  the  errors  in  the  orientations  of 
specific  instruments.  In  other  words,  the  exact  step  at  which 
errors  are  introduced  into  the  procedure  can  be  determined, 
and  how  they  propagate  and  manifest  themselves  in  the  final  55 
alignment  and  soft  tissue  balance  can  be  tracked. 

The  following  examples  illustrate  specific  applications  of 
the  inventive  method  described  herein.  The  examples  are  not 
intended  to  limit  the  scope  of  the  invention,  but  are  intended 
to  illustrate  the  various  aspects  of  the  invention.  60 

EXAMPLE  I 

The  following  experiment  was  conducted  to  assess  a  num¬ 
ber  of  surgeons  with  varying  skill  levels,  perlbrming  the  same  65 
procedure  w  ith  the  same  instrumentation.  Here,  lilleen  lower 
extremities  w- ere  harvested  from  cadaveric  donors  (ten  males. 
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live  females:  average  age:  76  years).  Anteroposterior  and 
lateral  radiographs  were  prepared  of  each  specimen  to 
exclude  cases  with  evidence  ofpreviotis  trauma,  or  significant 
skeletal  pathology.  Scans  were  obtained  of  each  specimen 
using  a  helical  scanner  (GE  Medical  Systems)  and  contiguous 
slices  of  2 . 5  nun  through  the  shafts  of  the  tibia  and  femur  with 
slices  at  a  thickness  of  1.25  mm  through  the  joint.  Three- 
dimensional  computer  models  (solid  models)  of  the  tibia  and 
femur,  with  a  dimensional  accuracy  of  approximately  0.2 
nmi,  were  prepared  by  reconstruction  of  the  data  derived  from 
the  C  l  slices.  This  procedure  was  performed  using  commer¬ 
cially  available  computer  programs  (MATERIALIZE, 
vended  in  Belgium). 

Using  CAL)  software  routines  (Unigraphics  Inc,  Cypress, 
Calif.),  axis  systems  w-ere  developed  to  define  the  location 
and  orientation  of  the  tibia  and  lemur  from  the  three-dimen¬ 
sional  solid  models.  As  shown  in  FIG.  2,  for  the  femur  20.  the 
true  Ilex  ion/ex  tens  ion  axis  was  found  by  fitting  spheres  13  to 
the  posterior  condylar  surfaces  of  the  intact  femur.  The  line  o  I 
best  fit  through  the  centroids  of  cross-sections  from  the  distal 
third  of  the  femur  defined  the  longitudinal  anatomic  axis  1 1 . 
A  line  mutually  orthogonal  to  the  other  two  axes  defined  the 
anterior-posterior  axis.  The  origin  of  the  femoral  coordinate 
system  was  the  point  on  the  longitudinal  axis  closest  to  the 
fiexlon/cxtension  axis.  The  mechanical  axis  of  the  femur  was 
defined  as  the  axis  lying  in  the  plane  of  the  femoral  anatomic 
axis  and  perpendicular  to  the  Ilex  ion/ex  tension  axis.  As 
shown  in  FIG.  3,  the  line  of  best  fit  tlirough  the  centroids  of 
cross-sections  from  the  proximal  third  of  the  tibia  21  defined 
the  longitudinal  tibial  axis  22,  For  the  medial/lateral  axis  23 
of  the  tibia,  circles  were  fit  to  the  cortical  edges  of  the  medial 
and  lateral  sides  at  slices  2,  4.5,  and  7  mm  distal  to  the  tibial 
plateau.  The  tnedial/laleral  axis  was  then  calculated  by  aver¬ 
aging  the  centers  of  these  circles  (FIG.  3).  A  line  mutually 
orthogonal  to  the  other  two  axes  defined  the  anterior/poslerior 
axis.  The  origin  of  the  tibial  coordinate  system  was  the  point 
on  the  medial/lateral  axis  closest  to  the  longitudinal  axis, 
these  axes  were  util  bed  to  develop  a  pre-operative  plan  for 
ideal  placement  of  the  knee  replacement  components  and 
post-operative  alignment  and  balance  of  the  extremity. 

Following  radiographic  evaluation,  the  fifteen  cadaveric 
knees  were  prepared  lor  implantation  of  a  PCL-sacriJ icing 
posterior  stabilized  total  knee  replacement  using  one  standard 
set  of  instruments  (Insall-Burstein  II,  Zimmer).  The  first  step 
ol'  the  procedure  involved  resection  of  the  proximal  tibia 
using  a  cutting  guide  mounted  on  ail  extramedullary'  align¬ 
ment  jig.  An  intramedullary  alignment  rod  was  then  inserted 
through  a  drilled  hole  within  (he  intercondylar  notch  of  (he 
distal  femur.  The  anterior  cutting  gtiidc  was  indexed  off  of  the 
anterior  lemoral  cortex,  guiding  the  resection  ol  a  preliminary 
anterior  cut  to  avoid  notching  of  the  lemur.  The  distal  femoral 
cutting  guide  was  mounted  on  the  cut  anterior  femur  and 
determined  the  distal  femoral  resection.  The  femur  was  sized 
and  the  posterior  condylar  and  final  anterior  cuts  were  made. 
The  flexion  and  extension  gaps  were  checked  to  determine  the 
need  to  recul  the  distal  femur.  The  appropriate  femoral  notch/ 
chamfer  guide  was  then  pinned  to  the  cut  distal  femur  and 
controlled  the  chamfer  cuts  and  removal  of  the  intercondylar 
notch.  The  rotational  position  of  the  tibia  was  determined  by 
pinning  the  tibial  stem  template  on  the  cut  tibial  surface.  The 
tibial  stem  punch  w  as  (hen  pounded  into  the  cancellous  bone, 
creating  the  cavity  for  the  stem  of  the  tibial  tray.  Fifteen 
individuals  performed  the  tibial  and  femoral  cuts  on  the 
cadaveric  knees:  6  faculty  members.  1  total  joint  fellow,  6 
orthopedic  residents.  1  physician’s  assistant,  and  1  research 
engineer.  During  implantation,  the  motion  analysis  system 
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tracked  the  three-dimensional  motions  of  the  bones,  all  of  the 
instruments,  and  the  final  components. 

Some  interesting  results  from  this  example  were  related  to 
the  ability  to  equally  balance  the  flexion  and  extension  gaps. 

A  well  balanced-knee  is  often  considered  a  primary  objective  5 
in  total  knee  replacement  as  soil  tissue  releases  and/or  re¬ 
cutting  bony  surfaces  are  often  performed  to  achieve  equal 
balancing.  In  this  experiment,  gap  measurements  were  taken 
with  a  custom  spreader  applying  10  lbs.  of  opening  force  at 
the  midlinc  of  the  joint  w  hile  mca  suring  the  ga  p  opening  and  l  o 
the  recta ngularity.  Typically,  the  knee  joint  opened  more  on 
the  lateral  edge  of  the  resected  suriace  compared  to  the  medial 
edge,  this  difference  in  (the  medial -lateral  (ML)  gap  opening) 
averaging  2. 9+0. 5  mm  with  the  knee  extended,  and  2.4±0.9 
mm  with  the  knee  flexed.  However,  the  average  distance  15 
between  the  femur  and  the  tibia  was  significantly  larger 
(p<0.05)  in  flexion  (19.3+1.8  nun)  than  extension  (14.2±1 .4 
nun).  FIG.  5  shows  the  individual  surgeon  performance 
results  for  soft  tissue  balancing  of  each  procedure.  The  graph 
In  FIG.  5  shows  general  consensus  target  zones  where  the  20 
centermost  zone  30  is  (he  true  goal,  the  next  concentric  zone 
31  is  acceptable  but  suspect  laxity,  and  the  outermost  zone  32 
represents  gap  imbalances  greater  than  6  nun.  Analyzing 
surgical  technique  iii  this  maimer  exemplified  the  effect  of 
experience  as  67%  of  the  faculty  surgeons  were  within  the  25 
pre-operative  target  zone.  As  shown  in  FIG.  5,  for  example, 
errors  and  variability  generally  increased  with  decreased 
training. 

Similarly,  the  accuracy  of  individual  instrument  alignment 
was  quantified  in  this  experiment.  On  average,  errors  in  the  .10 
insertion  point  of  the  intramedullary  rod  caused  it  to  be  posi¬ 
tioned  1.6+3. 2  min  lateral  and  1. 9+4.0  nun  posterior  to  the 
projection  of  the  actual  intramedullary  axis  on  the  distal 
lemur,  as  shown  in  FIG.  6.  In  alignment,  the  intramedullary 
rod  was  angled  0.3+4.00  anterior  (flexion)  and  1 .0±2.2°  35 
medial  (warns)  to  the  anatomic  axis.  FIG.  6  also  shows  the 
individual  surgeon  performance  plot  lor  the  identification  of 
the  correct  insertion  point  for  the  femoral  intramedullary 
guide.  This  particular  metric  depends  solely  on  the  judgment 
of  the  surgeon,  and  does  not  rely  on  instrumentation,  which  4o 
may  explain  the  significant  variability,  particularly  in  the 
anterior/ posterior  direction  across  all  skill  levels. 

FIG.  7  shows  a  performance  plot  of  (he  posterior  slope  of 
the  extramedullary  tibial  cutting  guide  versus  the  flexion  of 
the  intramedullary  femoral  rod  in  this  experiment,  ilie  crite-  45 
ria  applied  stipulate  that  the  zone  of  acceptance  oi  the  poste¬ 
rior  slope  is  +2°  from  the  objective  of  3°  posterior  slope  be 
built  into  the  instrumentation.  The  criterion  for  femoral  flex¬ 
ion  of  the  intramedullary  rod  was  from  1°  of  extension  to  5° 
of  flexion.  Forty -two  percent  of  the  surgeons  met  these  crite-  50 
ria. 

A  system  that  quantitatively  assesses  all  alignment  aspects 
ofTKA  allows  objective  performance  evaluations  of  the  most 
critical  aspects  of  the  procedure,  as  shown  in  this  experiment. 

For  example.  FIG.  8  shows  a  performance  plot  for  two  vari-  55 
ables  critical  to  successful  total  knee  replacement.  Because 
healthy  knees  were  used  for  this  study,  a  desired  alignment 
outcome  was  the  restoration  of  the  pre-operative  varus/ valgus 
alignment.  The  post -operative  change  w-as  plotted  versus  the 
amount  of  imbalance  in  the  extension  gap.  Quantitative  cri-  60 
teria  can  then  be  applied  to  assess  performance.  For  example, 
one  standard  might  be  that  the  varus/valgiis  angle  should  not 
be  more  than  3  degrees  in  either  direction  from  normal 
healthy  alignment,  and  that  the  difference  in  the  medial  and 
lateral  measurement  of  the  extension  gap  should  not  be  more  05 
than  3  millimeters.  Only  25%  of  the  surgeries  surgeries  met 
these  criteria  in  this  experiment. 
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The  present  method  also  quantifies  the  propagation  of  vari¬ 
ability  throughout  the  surgical  procedure,  as  demonstrated  in 
this  experiment.  The  variability  in  the  axial  alignment  of  the 
components  is  dominated  by  the  rotational  variability  of  the 
tibial  tray,  which  in  this  instrument  set  is  aligned  with  the 
tibial  tubercle,  explaining  its  average  external  rotation  (FIG. 
9).  The  graph  in  FIG.  9  also  shows  how,  on  average,  external 
rotation  of  the  tibial  articular  surface  coupled  with  neutral 
rotation  of  the  femoral  component  causes  a  net  internal  rota¬ 
tion  of  the  limb  when  reduced  in  extension. 

EXAMPLE  2 

On  a  case  by  case  basis,  measuring  the  alignment  of  many 
of  the  instruments  during  the  surgical  procedure  allows  the 
identification  and  tracking  of  errors  throughout  the  surgery. 
The  following  describes  the  results  of  one  particular  surgery 
using  PCL  retaining  components  and  instrumentation.  The 
philosophy  of  this  surgical  procedure  was  a  “balanced  resec¬ 
tion”  technique  (FIG.  10).  Unlike  other  techniques,  balanced 
resection  requires  equality  in  the  distal  and  posterior  cuts 
independently  on  the  lateral  and  medial  side.  The  difference 
in  resection  medial  to  lateral  was  insignificant.  The  amount  of 
resection  medially  and  laterally  was  determined  by  a  fixed 
valgus  cut  of  the  lemur  distally  (dependent  on  the  design  of 
the  femoral  cutting  guide  and  femoral  component).  Once  this 
level  w-as  determined  in  full  extension,  the  amount  of  resec¬ 
tion  of  the  posterior  condyles  in  flexion  is  matched.  FIGS. 
11-12  quantitatively  show  the  implementation  of  this  plan, 
while  FIG.  10  shows  the  how  accurate  this  technique  was 
followed  with  the  45  degree  line  indicating  perfect  balanced 
resection. 

After  the  cuts  were  made  intraoperatively  and  the  trial 
components  were  positioned,  it  was  found  that  this  particular 
knee  was  extremely  tight  in  extension  and  gapping  open 
excessively  medially  in  flexion.  While  the  actual  cause  could 
not  be  determined  by  the  surgeon  intraoperatively.  the  course 
of  action  was  a  partial  PCL  release.  FIGS.  13-14  show  that 
this  corrective  technique  shifted  the  gap  imbalance  to  accept¬ 
able  if  not  ideal  levels.  The  present  method  was  able  to  quan¬ 
titatively  diagnosis  the  error  that  caused  this  instability.  It  was 
determined  that  this  particular  specimen  had  ail  excessive 
natural  posterior  tibial  slope  of  1 1  degrees.  The  preoperative 
plan  was  to  slightly  undercut  the  natural  slope  resulting  in  9 
degrees  of  posterior  slope  in  the  tibial  insert.  Flowever.  due  to 
the  cumbersome  technique  of  adjusting  the  ankle  clamp  of 
extramedullary'  tibial  guides,  the  actual  cut  was  6  degrees 
(FIG.  15).  This  error  was  the  cause  of  the  inability  to  fully 
extend  the  knee  with  the  (rial  inserts.  While  the  partial  PCL 
release  was  successful,  a  second  option  was  to  rccut  the  tibia 
as  diagnosed  by  the  quantitative  bioskills  system.  FIGS.  16 
and  1 7  display  the  accuracy  of  location  and  orientation  of  the 
femoral  intramedullary'  rod  and  the  femoral  anteroposterior 
cutting  block,  respectively. 

EXAMPLE  3 

The  present  method  was  also  applied  to  total  hip  replace¬ 
ment.  FIG.  18  show’s  the  rotational  orientation  of  the  acetabu¬ 
lar  reamer.  This  particular  surgery  fell  outside  acceptable 
range  in  terms  of  rotational  offset  resulting  in  significant 
retroversion  of  the  prepared  acetabular  surface.  FIG.  19 
shows  that  when  sealed,  the  cup  did  reach  the  intended  posi¬ 
tion.  On  the  femoral  side.  FIG.  21  show  s  the  positional  mala¬ 
lignment  oflhe  entry'  point  for  the  start  awl.  Finally.  FIG.  20 
shows  the  combined  effect  of  the  positional  and  rotational 
placement  of  the  implanted  components  in  terms  of  the  pre- 
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dieted  range  o  {‘motion  of  the  reconstructed  joint.  The  graph  in 
FIG.  21  shows  the  combinations  of  hip  flexion  and  hip  adduc¬ 
tion  that  may  have  a  higher  propensity  for  impingement. 

Wc  claim: 

1.  A  method  suitable  lor  analyzing  surgical  techniques, 
said  method  comprising: 

a.  generating  three-dimensional  computer  models  of  ortho¬ 
pedic  devices,  said  devices  selected  from  the  group  of 
orthopedic  instruments  and  implants,  wherein  data  cor¬ 
responding  to  said  models  is  stored  in  a  memory  system 
of  a  computer; 

b.  generating  three-dimensional  models  of  a  targeted  sur¬ 
gical  site  on  a  body  portion  based  upon  tomographic 
data  stored  in  the  memory  system  for  the  surgical  site; 

c.  inputting  into  said  memory  select  target  values  corre¬ 
sponding  to  one  or  more  measurable  technical  param¬ 
eters  associated  with  said  surgical  procedure,  said 
parameters  selected  from  the  group  consisting  of  three- 
dimensional  positioning  and  dimensions  of  bones, 
three-dimensional  positioning  and  dimensions  of  soft 
tissue  structures,  three-dimensional  positioning  and 
dimensions  of  said  orthopedic  devices  for  surgery,  and 
predicted  values  corresponding  to  range  and  forces  asso¬ 
ciated  with  physiologic  joint  motion  and  joint  laxity; 

d.  attaching  one  or  more  tracking  devices  to  said  body  near 
said  target  surgical  site,  said  tracking  devices  opera¬ 
tively  in  communication  with  said  computer  system: 

c.  performing  a  surgical  procedure  on  said  target  surgical 
site; 

f.  communicating  tracking  data  generated  during  said  sur¬ 
gical  procedure  to  said  computer  system; 

g.  calculating  actual  values  based  upon  said  tracking  data, 
said  actual  values  corresponding  to  said  technical 
parameters  set  for  the  surgical  procedure;  and 

h.  comparing  said  target  values  and  said  actual  values  of 
said  technical  parameters  aller  performing  said  surgical 
procedure. 

2.  The  method  of  claim  1  further  comprising  recording  data 
generated  during  said  surgical  procedure  via  said  tracking 
devices  for  storage  of  said  data  onto  said  computer  memory 
system,  said  data  selected  from  the  group  consisting  of  posi¬ 
tioning  of  said  orthopedic  devices,  bones,  and  soft  tissue 
structures. 

3.  The  method  of  claim  1  further  comprising  utilizing  said 
comparison  of  said  target  values  and  said  actual  values  as  a 
training  tool. 

4.  The  method  of  claim  3  further  comprising  generating  a 
final  three-dimensional  model  corresponding  to  said  three- 
dimensional  models  of  said  orthopedic  devices  and  body 
portion  post- surgery,  said  final  model  showing  actual 
responses  of  anatomical  features  to  loading  forces  based  upon 
said  actual  values  calculated  as  compared  to  predicted 
responses  o f  said  anatomical  features  to  loading  forces  based 
upon  said  target  values  inputted,  said  anatomical  features 
selected  from  the  group  consisting  of  bones  and  soft  tissue 
structures. 

5.  Hie  method  of  claim  4,  wherein  said  actual  and  predicted 
responses  to  said  loading  forces  displayed  on  said  final  three- 
dimensional  model  are  selected  from  the  group  consisting  of 
a)  geometry  of  space  between  resected  bony  surfaces,  b) 
overall  position  of  a  bone  or  extremity,  c)  changes  in  length  of 
a  bone  or  extremity,  d)  magnitude  or  distribution  of  mechani¬ 
cal  axes,  e)  magnitude  or  distribution  of  anatomic  axes,  f) 
positions  selected  by  a  surgeon,  and  e)  positions  pre-deter- 
mined  by  consensus  or  convention  within  a  surgical  commu¬ 
nity. 


6.  The  method  of  claim  5.  wherein  said  final  three-dimen¬ 
sional  model  is  used  to  evaluate  performance  characteristics 
of  one  or  more  of  said  orthopedic  devices  during  said  surgical 
procedure. 

5  7.  The  method  of  claim  5.  where  said  final  three-dimen¬ 

sional  model  is  used  as  a  surgical  training  tool  for  understand¬ 
ing  errors  and  reasons  ibr  said  errors  that  occurred  during  said 
surgical  procedure. 

8.  The  method  of  claim  5.  wherein  said  final  three-dimen- 

10  sional  model  is  used  to  evaluate  performance  characteristics 

of  one  or  more  of  surgical  techniques  used  during  said  surgi¬ 
cal  procedure. 

9.  A  method  suitable  ibr  analyzing  surgical  techniques, 
said  method  comprising: 

15  a .  generating  three-dimensional  computer  models  of  ortho  - 

pcdic  devices,  said  devices  selected  from  the  group  of 
orthopedic  instruments  and  implants,  wherein  data  cor¬ 
responding  to  said  models  is  stored  in  a  memory  system 
of  a  computer: 

2(i  b.  generating  three-dimensional  models  of  a  targeted  sur¬ 
gical  site  on  a  body  portion  based  upon  tomographic 
data  stored  in  the  memory  system  for  the  surgical  site; 

c.  inputting  into  said  memory  select  target  values  corre¬ 
sponding  to  one  or  more  measurable  technical  param¬ 
eters  associated  with  said  surgical  procedure,  said 
parameters  selected  from  the  group  consisting  of  three- 
dimensional  positioning  and  dimensions  of  bones, 
three-dimensional  positioning  and  dimensions  of  soft 
tissue  structures,  three-dimensional  positioning  and 
dimensions  of  said  orthopedic  devices  for  surgery,  and 
values  corresponding  to  range  and  loading  forces  asso¬ 
ciated  with  physiologic  joint  motion  and  joint  laxity; 

d.  attaching  one  or  more  tracking  devices  to  said  body 
portion,  said  tracking  devices  operatively  in  communi¬ 
cation  with  said  computer  system; 

e.  performing  a  surgical  procedure  on  said  target  surgical 
site: 

f.  communicating  tracking  data  generated  during  said  sur¬ 
gical  procedure  to  said  computer  system: 

g.  calculating  actual  values  based  upon  said  tracking  data, 
said  actual  values  corresponding  to  said  technical 
parameters  set  for  the  surgical  procedure; 

h.  training  a  surgeon  alter  the  surgery'  by  reviewing  the 

4_  calculated  actual  values  and  the  target  values  corre¬ 
sponding  to  said  technical  parameters. 

10.  The  method  of  claim  9  wherein  training  the  surgeon 
further  comprises  comparing  said  target  values  and  said 
actual  values  of  said  technical  parameters  after  performing 
said  surgical  procedure. 

1 1 .  The  method  of  claim  9  further  comprising  recording 
data  generated  during  said  surgical  procedure  via  said  track¬ 
ing  devices  for  storage  of  said  data  onto  said  computer 
memory  system,  said  data  selected  from  the  group  consisting 

55  of  positioning  of  said  orthopedic  devices,  bones,  and  soft 
tissue  struclures. 

12.  The  method  of  claim  If  further  comprising  generating 
a  graph  for  comparing  one  or  more  of  said  actual  values  to 
said  target  values. 

6o  1 3 .  The  method  of  claim  1 2 ,  w  herein  said  graph  comprises 

an  X-axis  and  a  Y-axis,  each  of  said  axes  corresponding  to  a 
range  of  technical  parameters,  said  graph  further  including 
one  or  more  visual  target  zones  corresponding  to  an  accept¬ 
able  range  of  said  target  values,  and  wherein  said  actual 

65  values  calculated  Ibr  said  technical  parameters  labeled  on 
said  axes  are  visually  plotted  on  said  graph  either  within  or 
outside  said  one  or  more  target  zones. 
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14.  The  method  ofclaim  13.  where  said  final  three-dimen¬ 
sional  model  is  used  as  a  surgical  training  tool  for  understand¬ 
ing  errors  and  reasons  for  said  errors  that  occurred  during  said 
surgical  procedure. 

15.  The  method  of  claim  13,  wherein  said  final  three- 
dimensional  model  is  used  to  evaluate  performance  charac¬ 
teristics  o  f  one  or  more  of  said  orthopedic  devices  during  said 
surgical  procedure. 

16.  Hie  method  of  claim  13,  wherein  said  final  three- 
dimensional  model  is  used  to  evaluate  performance  charac¬ 
teristics  of  one  or  more  of  surgical  techniques  used  during 
said  surgical  procedure. 

17.  A  method  suitable  for  analyzing  surgical  techniques, 
said  method  comprising: 

a.  generating  three-dimensional  computer  models  of  ortho¬ 
pedic  devices,  said  devices  selected  from  the  group  of 
orthopedic  instruments  and  implants,  wherein  data  cor¬ 
responding  to  said  models  is  stored  in  a  memory  system 
of  a  computer; 

b.  generating  three-dimensional  models  of  a  targeted  sur¬ 
gical  site  on  a  body  portion  based  upon  tomographic 
data  stored  in  the  memory  system  lb r  the  surgical  site;  p  1 

c.  inputting  into  said  memory  select  target  values  corre¬ 
sponding  to  one  or  more  measurable  technical  param¬ 
eters  associated  with  said  surgical  procedure,  said 
parameters  selected  from  the  group  consisting  of  three- 
dimensional  positioning  and  dimensions  of  bones, 
three-dimensional  positioning  and  dimensions  of  soft 
tissue  structures,  three-dimensional  positioning  and 
dimensions  of  said  orthopedic  devices  for  surgery,  and 
values  corresponding  to  range  and  loading  forces  asso¬ 
ciated  with  physiologic  joint  motion  and  joint  laxity; 

d.  attaching  one  or  more  tracking  devices  to  said  body 
portion,  said  tracking  devices  operatively  in  communi¬ 
cation  with  said  computer  system; 

c.  performing  a  surgical  procedure  on  said  target  surgical 
site; 

f.  recording  data  during  said  surgical  procedure  via  said 
tracking  devices  for  storage  of  said  data  onto  said  com¬ 
puter  memory  system,  said  data  selected  from  the  group 
consisting  of  positioning  of  said  orthopedic  devices, 
bones,  and  soft  tissue  structures; 

g.  calculating  actual  values  based  upon  said  tracking  data, 
said  actual  values  corresponding  to  said  technical 
parameters  set  for  the  surgical  procedure:  and 

h.  comparing  said  target  values  and  said  actual  values  of 
said  technical  parameters  after  performing  said  surgical 
procedure. 

18.  The  method  of  claim  17,  wherein  said  body  portion  is 
an  inanimate  anatomical  model. 

19.  The  method  of  claim  17,  wherein  said  body  portion  is 
from  a  cadaver. 

20.  The  method  of  claim  17.  wherein  said  body  portion  is  a 
live  patient. 

21.  The  method  of  claim  17  further  comprising  utilizing 
said  comparison  of  said  target  values  and  said  actual  values  as 
a  training  tool, 

22.  The  method  of  claim  21  further  comprising: 

comparing  said  actual  values  from  two  or  more  surgical 

procedures  to  said  target  values  to  determine  optimal 
positioning  of  said  surgical  instruments  with  respect  to 
said  bones  and  soft  tissue  structures  of  future  target 
surgical  sites  in  order  to  creating  a  preoperalive  surgical 
plan  based  upon  said  determination  of  optimal  position¬ 
ing. 


23.  The  method  ofclaim  21  further  compromising: 

generating  a  final  model  corresponding  to  said  models  of 

said  surgical  devices  and  body  portion  post-surgery,  said 
final  model  showing  actual  positions  compared  to  tar¬ 
geted  positions  of  said  devices  with  respect  to  selected 
anatomical  features  within  said  targeted  surgical  site  of 
said  body,  wherein  said  actual  positions  correspond  to 
said  actual  values  calculated  and  said  targeted  positions 
l0  correspond  to  said  target  values  inputted. 

24.  llie  method  ofclaim  21  further  comprising  generating 
a  linal  three-dimensional  model  corresponding  to  said  three- 
dimensional  models  of  said  orthopedic  dev  ices  and  body 
portion  post-surgery,  said  final  model  showing  actual  posi¬ 
ts  lions  compared  to  targeted  positions  of  said  orthopedic 

devices  with  respect  to  selected  anatomical  features  within 
said  targeted  surgical  site  of  said  body  portion,  said  anatomi¬ 
cal  features  selected  from  the  group  consisting  of  bones  and 
soft  tissue  structures,  and  wherein  said  actual  positions  cor- 
2(1  respond  to  said  actual  values  calculated  and  said  targeted 
positions  correspond  to  said  target  values  inputted. 

25.  The  method  of  claim  24.  wherein  said  final  three- 
dimensional  model  shows  differences  betw  een  a)  actual  posi- 
lions  of  said  orthopedic  devices  w  ith  respect  to  said  anatomi¬ 
cal  features  and  b)  target  positions  of  said  orthopedic  device 
with  respect  to  said  anatomical  features,  said  target  positions 
defined  by  one  or  more  of  the  group  consisting  of  i)  lixed 
anatomic  landmarks,  ii)  derived  mechanical  axes,  iii)  derived 

30  anatomic  axes,  iv)  positions  selected  by  a  surgeon,  and  v) 
positions  pre-determined  by  consensus  or  convention  within 
a  surgical  community. 

26.  The  method  of  claim  25.  where  said  final  three-dimen¬ 
sional  model  is  used  as  a  surgical  training  tool  for  understand- 

35  ing  errors  and  reasons  lor  said  errors  that  occurred  during  said 
surgical  procedure. 

27.  The  method  of  claim  25,  wherein  said  final  three- 
dimensional  model  is  used  to  evaluate  performance  charac¬ 
teristics  of  one  or  more  of  said  orthopedic  devices  during  said 

41 '  surgical  procedure. 

28.  The  method  of  claim  25.  wherein  said  final  three- 
dimensional  model  is  used  to  evaluate  performance  charac¬ 
teristics  of  one  or  more  of  surgical  techniques  used  during 

said  surgical  procedure. 

45 

29.  The  method  ofclaim  21  further  comprising: 

comparing  said  target  values  and  said  actual  values  of  said 

technical  parameters  for  at  least  one  of  said  procedural 
steps  by  generating  a  final  three-dimensional  model  cor- 
50  responding  to  said  three-dimensional  models  of  said 
orthopedic  devices  and  body  portion  post-surgery,  said 
final  model  showing  actual  positions  of  said  orthopedic 
devices  w  ith  respect  to  said  body  to  targeted  positions  of 
said  devices  with  respect  to  said  body  for  at  least  one  of 
55  said  procedural  steps,  said  actual  positions  correspond¬ 
ing  to  said  actual  values  calculated,  and  said  targeted 
positions  corresponding  to  said  target  values  inputted. 

30.  The  method  of  claim  29.  wherein  said  final  three- 
dimensional  model  show’s  differences  between  a)  actual  posi- 

60  lions  of  said  orthopedic  devices  w  ith  respeet  to  said  anatomi¬ 
cal  features  and  b)  target  positions  of  said  orthopedic  device 
with  respect  to  anatomical  features,  said  target  positions 
defined  by  one  or  more  of  the  group  consisting  of  i)  fixed 
anatomic  landmarks,  ii)  derived  mechanical  axes,  iii)  derived 
65  anatomic  axes,  iv)  positions  selected  by  a  surgeon,  and  v) 
positions  pre-determined  by  consensus  or  convention  within 
a  surgical  community. 
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31 .  The  method  of  claim  30.  where  said  final  three-dimen¬ 
sional  model  is  used  as  a  surgical  training  tool  lor  understand¬ 
ing  errors  and  reasons  for  said  errors  that  occurred  during  said 
surgical  procedure. 

32.  The  method  of  claim  30.  wherein  said  final  three-  ? 
dimensional  model  is  used  to  evaluate  performance  charac¬ 
teristics  o  f  one  or  more  of  said  orthopedic  devices  during  said 
surgical  procedure. 

33.  The  method  of  claim  21  further  comprising  generating 
one  or  more  graphs  for  comparing  one  or  more  actual  values 
to  said  target  values. 

34.  1'he  method  of  claim  33.  wherein  said  graph  comprises 
an  X-axis  and  a  Y-axis,  each  of  said  axes  corresponding  to  a 
range  of  technical  parameters,  said  graph  further  including 
one  or  more  visual  target  zones  corresponding  to  an  accept - 


18 

able  range  of  said  target  values,  and  wherein  said  actual 
values  calculated  for  said  technical  parameters  labeled  oil 
said  axes  are  visually  plotted  on  said  graph  either  within  or 
outside  said  one  or  more  target  zones. 

35.  flic  method  of  claim  34.  wherein  said  each  of  said  two 
or  more  surgical  procedures  are  identical,  each  performed  by 
different  individuals,  such  that  upon  further  analysis  of  said 
graph,  individual  surgical  performances  of  each  of  said  indi¬ 
viduals  may  be  compared. 

36.  The  method  of  claim  33.  wherein  said  each  of  said  two 
or  more  surgical  procedures  are  identical,  each  performed  by 
different  individuals,  such  that  upon  further  analysis  of  said 
graph,  individual  surgical  performances  of  each  of  said  indi¬ 
viduals  may  be  compared. 
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Appendix  I  -  Dr.  Mathis  Curriculum  Vitae 


CURRICULUM  VITAE 

Kenneth  B.  Mathis,  M.D. 


GENERAL  INFORMATION 

Office  Address: 

6550  Fannin,  #2500 
Houston,  TX  77030 

Office  Telephone: 

713-441-3740 

Office  Fax: 

713-790-2141 

Home  Address: 

6443  Vanderbilt 
Houston,  TX  77005 

Home  Telephone: 

71  3-666-9447 

Cell  Phone: 

71 3-702-0078 

Beeper: 

71  3-268-0846 

Email: 

kbmathis(5>aol.com 

Citizenship: 

USA 

Optional  Information: 

Birth  Date: 

February  3,  1960 

Birthplace: 

Houston,  Texas 

Marital  status: 

Married 

Spouse's  Name: 

Kimberly 

Children's  names  and  ages: 

Scott  7/1/94 
Bradford  2/1  /92 

Race/Ethnicity: 

Caucasian 
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B.  EDUCATIONAL  BACKGROUND 


Degree 

Awarded 

institution  name ,  city  and  state 

Dates  Attended 

Year 

B.S. 

Baylor  University 

Waco,  TX 

1976-1981 

1996 

M.D. 

The  University  of  Texas  Health  Science  Center 
Southwestern  Medical  School 

1981-1985 

1985 

Dallas,  TX 

C.  PROFESSIONAL  POSITIONS  AND  EMPLOYMENT 


Post-doctoral  training  including  residencv/fellowship 


Title 

institution  Na me,  city  and  state 

Dates 

General  Surgery  Internship 

University  of  Missouri 

Columbia,  Missouri 

1985-1 98G 

Orthopedic 

Surgery  Residency 

Louisiana  State  University 

Shreveport,  Louisiana 

1986-1990 

Adult  Reconstruction  & 

Total  Joint  Arthroplasty 

Fellowship,  Orthopedic  Surgery 

Baylor  College  of  Medicine 

Houston,  TX 

1990-1991 

Academic  positions  (teaching  and  research) 

Title 

institution  Name,  city  and  state 

Dates 

Assistant  Professor 

Department  of  Orthopedic 

Surgery 

Baylor  College  of  Medicine 

Houston,  TX 

1991-2005 

Section  Chief 

Department  of  Orthopedic 

Surgery  Joint  Replacement 

Baylor  College  of  Medicine 

Houston,  TX 

2000-2005 

Director  of  Adult 

Reconstruction 

Fellowship  Program 

Baylor  College  of  Medicine 

Houston,  TX 

2000-2005 

Hospital  positions  (attending  ohvsician.  if  applicable) 

Title 

Institution  Name,  city  and  state 

Date 

Chairman 

Department  of  Orthopedics 

The  Methodist  Hospital 

Houston,  TX 

2005- present 

Active  Staff 

Orthopedic  Joint  Replacement 

The  Methodist  Hospital 

Houston,  TX 

1 991  -  present 

Chief  of  Orthopedic  Surgery 

V.A,  Medical  Center 

1996-2001 

Attending  Surgeon 

V.A.  Medical  Center 

Houston,  TX 

2001  -  present 
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Employment  (other  than  positions  listed  above) 


Title 

Institution  Name,  city  and  state 

Dates 

M.D. 

Hopestar  Orthopedic  Group,  LLP 
Houston,  TX 

1/97-3/02 

D.  LICENSURE.  BOARD  CERTIFICATION.  MALPRACTICE  fit  applicable) 
Licensure 


State 


Number  Date  o  f  Issue  Date  of  la  st  regie tra  tio  n 


Texas 

Louisiana 

Arizona 


H0610 

1986 

2-05 

MD.Q7317R 

1986 

2-05 

27891 

1999 

2-05 

PEA  Number:  BMQ505555 

Board  Certification 

Name  of  specialty  Board  Certificate  Number  Date  of  Certification 

American  Board  of  Orthopedic  Surgery  Written  1 990  Oral  1 993 

Am  e  rican  Board  of  Orth  o  pe  die  S  u  rg  e  ry  Race  rt  i  f i  cat  io  n  1  /20 04 

Malpractice  Insurance 
Do  you  have  Malpractice  insurance?  YES 

Name  of  Provider:  The  Methodist  Hospital  Corporate  Risk  &  Insurance  Department 
Premiums  paid  by:  The  Methodist  Hospital 


E.  PROFESSIONAL  MEMBERSHIPS  (medical  and  scientific  societies) 


Member/officer 

Name  of  Organization 

Dates  held 

Member 

American  Medicat  Association 

1985- present 

Member 

American  Academy  of  Orthopedic  Surgeons 

1 990- present 

Member 

Texas  Orthopedic  Association 

1991 -present 

Member 

Harris  County  Medical  Society 

1 991  -  present 

Member 

Houston  Orthopedic  Society 

199 3- present 

Diplomat 

American  Board  of  Professional  Disability 
Consultants 

1995 

Member 

Southern  Orthopedic  Association 

20O3- present 

3 
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HONORS  AND  AWARDS 

Name  of  award 

Date  awarded 

M.D.  Anderson  Hospital  Summer  Research  Program 

1978 

Baylor  University,  Waco,  TX 

Alpha  Chi  Honor  Society 

1979-1901 

Baylor  University,  Waco,  TX 

Student  Congress  Representative 

1930-1901 

Baylor  University,  Waco,  TX 

Dean's  Distinguished  Academic  Honor  Roll 

1931 

Student  Delegate  Texas  Medical  Association 

1934-1905 

Baylor  University,  Honors  Program:  Summa  Cum  Laude 

1996 

Listed  in  '  Best  Doctors  in  America1’ 

2001-2002 

2003- 2004 

2004- 2005 

1 1 Eh  Annual  Insall  Award 

2006 

Title:  “Factors  Affecting  Patient  Satisfaction  with  Total  Knee  Arthroplasty" 

Knee  Society  Educational  Committee 
John  Callaghan.  MD  -  Program  Chair 


G.  INSTITUTIONAL/HOSPITAL  AFFILIATION 


Primary  Hospital  Affiliation:  The  Methodist  Hospital 

Other  Hospital  Affiliations:  Veteran’s  Affair  Medical  Center  Hospital 
St  Luke's  Episcopal  Hospital 
Memorial  Southeast  Hospital 
Clear  Lake  Regional  Hospital 

Other  Institutional  Affiliations:  Baylor  College  of  Medicine 


H.  EMPLOYMENT  STATUS 


N  am  e  of  E  m  ploy e  r  (s ) :  T  he  M  et  h  ocf  ist  Hos  p  ital  P  hy s  i  cian  Organ  izat  i  o  n 
Employment  Status:  Full  time  salaried  at  Cornell-affiliated  hospital 

CURRENT  AND  PAST  INSTITUTIONAL  RESPONSIBILITIES  AND  PERCENT  EFFORT 


Teaching  (list  courses  and  your  rote ) 


Dates 


Baylor  College  of  Medicine 
Department  of  Orthopedic  Surgery 
T ota I  Joint  Con  fere n ce 


2003-2004 
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Department  of  Orthopedic  Surgery 
Baylor  College  of  Medicine 
Orthopedic  Grand  Rounds 

Arthritis  Surgery  Core  Lecture  Series 
Department  of  Orthopedic  Surgery 
Baylor  College  of  Medicine 
Ongoing  Lectures  to  Medical  Students 

Director  of  Adult  Reconstruction  Fellowship  Program 
Baylor  College  of  Medicine 

Clinical  Care 


Orthopedic  Surgeon/The  Methodist  Hospital 

Office  Consultations 
Surgery 

Hospital  Consultations/Post-operative  care 
On-Call  Coverage 

Orthopedic  Surgeon/Baylor  College  of  Medicine 

Office  Consultations 
Surgery 

Hospital  Consultations/Post-operative  care 
On-Call  Coverage 

Orthopedic  Surgeon, 'Hopestar  Orthopedics  Group,  LLP 

Office  Consultations 
Surgery 

Hospital  Consultations/Post-operative  care 
On-Call  Coverage 


Administrative  duties  (including  committees) 

Orthopedic  Surgery  Service  Meeting  Chair 

Physician  Advisory  Group  Committee 

Executive  Committee  Meeting 

Academic  Council  Committee 

2IX|  Annual  Discovery  Forum  Committee 

1EC  Annual  Discovery  Forum  Committee 

Baylor  College  of  Medicine  Advisory  Committee 

West  Pavilion  OR  Subcommittee 

Orthopedic  Care  Management  Performance  Improvement 
Subcommittee  Chair 

The  Leading  Medicine  Advisory  Board 


2002-2005 

2002-2005 

2000-2005 

Dates 

2005- present 

2002- 2005 

1997-2002 

Dates 

2004- present 
2004- present 
2004- present 
2004- present 
2004- present 

2003- 2004 
2003-2004 
200 3- present 
200 3- present 

2003- present 
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Residency  Review  Committee 

2002- present 

Resident  Research  Committee 

2002- present 

Records  Committee 

2001-2003 

Section  Chief,  Department  of  Orthopedic,  BCM 

2000-2005 

Baylor  College  of  Medicine  Journal  Club 

1998-2003 

Dunn  OR  Subcommittee 

1997-2001 

Pharmacy  &  Therapeutics  Committee 

1997-present 

Research 

Dates 

Current  percent  effort  % 

Teaching 

10 

Clinical  Care 

40 

Administration 

35 

Research 

15 

Total: 

100% 

I.  RESEARCH  SUPPORT  (Bast  and  present) 

Source  Amount  Date  Name  of  Principal  investigator 

‘METASUL  System  in  $5,000  August  1995  Kenneth  B.  Mathis,  M.D, 

Cementless  Total  Hip 
Arthroplasty  Study”  IOI  #01 11 


Principle  investigator ;  recruited  patients,  performed  surgeries  as  welt  as  follow  up .  100%  effort. 


Source  Amount  Date  Name  of  Principal  investigator 

"Amulticenter,  randomized,  $5,000  June  1996  Kenneth  B.  Mathis,  M.D. 

parallel,  assessor-blind,  dose 

ranging  study  of  subcutaneous  SR 

90107A/ORG  31540  with  a 

comparative  control  group  of 

subcutaneous  LMWH  in  the 

prevention  of  deep  vein 

thrombosis  after  elective  total  hip 

replacement1’  Protocol  DR  I  2642 

Principle  investigator  recruited  patients ,  performed  surgeries  as  well  as  follow  up.  100%  effort ; 

Source  Amount  Date  Name  of  Principal  Investigator 

Ho wm ed ica  Inc  $360 ,000  1 996  -  1 999  Co- 1 n vest igato r 

Development  and  Implementation 
of  Computer-Based  System  for 
Measurement  and 
Documentation  of  Patient 
Outcomes  after  Total  Joint 
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Source  Amount  Date  Name  of  Principal  investigator 

“H#5534-A  Retrospective  $0  December  1996-  Kenneth  B.  Mathis,  M.D. 

Review  of  Constrained  Total  Hip  December  1997 

Arthroplasty  To  Evaluate  Long 
Term  Outcomes’' 


Principle  investigator,  recruited  patients,  performed  surgeries  as  weii  as  foliow  up.  100 %  efffort. 

Source  Amount  Date  Name  of  Principal  investigator 

“An  Open-Label,  Randomized,  $3,000  August  1997  Kenneth  B.  Mathis,  M.D. 

Parallel-Group  Study  Comparing 

the  Pre-operative  Administration 

on  Procrit  (Epoetin  Alfa)  to  the 

Standard  of  Care  in  Blood 

Conservation  in  PrimaryTotal 

Hip  “Reconstruction” 


Principle  investigator,  recruited  patients,  performed  surgeries  as  weii  as  foliow  up.  100 %  effort . 


Source  Amount  Date  Name  of  Principal  investigator 

“A  MultiGenter,  Multinational  $10,000  December  1998  Kenneth  B.  Mathis,  M.D. 

Randomized  Double  Blinded 

Comparison  of  Subcutaneous 

SR90107A  with  Enoxaparin  in  the 

Prevention  of  Deep  Vein 

Thrombosis  and  Symptomatic 

Pulmonary  Embolism  After 

Elective  Hip  Replacement  or 

Revision  Total  Hip  Replacement: 

(phase  3  clinical  trials) 

Principle  investigator,  recruited  patients,  performed  surgeries  as  weii  as  follow  up.  100%  effort . 


Source  Amou  nt  Date  Nam  e  of  Principal  I n  ves  tiga  tor 

“Kinematic  and  Kinetic  Analysis  of  $150,000  December  1998  Kenneth  B.  Mathis,  M.D. 

Total  Knee  Arthroplasty  Under 
Dynamic  Conditions” 


Performed  procedures  on  cadavers f  recruited  patients  with  implants  and  assisted  in  analyzing  data. 


Source  Amount  Date  Name  of  Principal  investigator 

Sulzer  Medica  Inc.  $150,000  2000  Co -Investigator 

Kinematic  Benchmarking  of  TKA 
Performance  (LCS  vs,  NKII  vs. 

NexGen  PS) 
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Source 

Amount 

Date 

Name  of  Principal  investigator 

Zimmer  Inc 

$750,000 

2003-07 

Co- Investigator 

The  Biomechanics  and  Functional 
Performance  of  Total  Knee 
Replacements. 

Source 

Amount 

Date 

Name  of  Principal  investigator 

The  Methodist  Hospital 

$125,000 

2004 

Co- Investigator 

The  Biomechanics  of  Minimally 
Invasive  Total  Hip  Replacement. 


K,  EXTRAMURAL  PROFESSIONAL  RESPONSIBILITIES 


Co-chairman  for  the  1£r  Annual  Discovery  Forum,  Minimally  Invasive  Surgery  Conference  held  in 
Houston,  Texas  September  2004.  The  conference  was  attended  by  physicians  form  around  the 
world  and  broadcasted  live  in  Mexico  City  to  a  panel  of  distinguished  orthopedic  surgeons.  The 
event  was  jointly  sponsored  by  the  Institute  of  Orthopedic  Research  and  Education  and  The 
Methodist  Hospital. 

Co-chairman  for  the  2nd  Annual  Discovery  Forum,  Tissue  Sparing  Treatment  of  Degenerative 
Joint  Disease,  held  in  October  2005.  The  discovery  forum  included  live  surgeries  and  surgical 
bioskills  demonstrations  that  were  broadcast  to  five  international  sites,  Mexico,  Spain,  Turkey, 
Chile,  and  Saudi  Arabia. 


L.  BIBLIOGRAPHY 


Published  m  Referred  Journals 

1 .  “Limitations  of  Qualitative  Angiographic  Grading  in  Aortic  &  Mitral  Regurgitation1’ 

Croft,  C.  H.;  Libscomb,  K.;  Mathis,  K.B.;  Firth,  B.G.;  Nicod,  P.;  Titton,  G;  Winifred,  M.D.;  and 
Hillis,  L-D.The  American  Journal  of  Cardiology  53:  1593-1593,  1984 

2.  'What  Functional  Activities  are  Important  to  Patient's  with  Knee  Replacements?1’ 

Weiss,  J.M.,  Noble,  P  C.,  Conditt,  M  A..  Kohl,  H.W.,  Roberts,  S  ,  Cook,  K.F.,  Gordon,  M.J., 
Mathis,  K.B.  Clinical  Orthopedics  2002  Nov  ;{404):  172-88 

3.  “What  Functional  Activities  Are  Important  to  Patients  With  Knee  Replacements?’1 

Weiss,  J.M.,  Noble,  P.C.,  Conditt,  M.A,  Kohl,  H.W.,  Roberts,  S.,  Cook,  K.F.,  Gordon,  M.J. 
Mathis,  K.B.  Clinical  Orthopedics  2003  Nov;  (416):  120-S 

4.  “Extraarticular  Abrasive  Wear  in  Cemented  and  Cementless  Total  Knee  Arthroplasty1’ 

Noble,  P  C.,  Conditt,  M.A.,  Thompson,  M.T.  Stein,  J.A.,  Kreuzer,  S.,  Parsley,  B.S.,  Mathis, 
K.B.  Cfinical  Qrthopedics2003  Nov;  (416):  120-8 

5.  “Computer  Simulation:  How  can  it  help  the  Surgeon  Optimize  Implant  Position?1’ 

Noble,  P  C.,  Sugano,  N  ,  Johnston,  J  D  ,  Thompson,  M.T.  Conditt,  M.A.,  Engh,  C  A  ,  Sr, 
Mathis,  K.B.  Clinical  Orthopedics  2003  Dec;  (417):  242-52. Review 
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6.  ‘Wear  Damage  of  Patellar  Components  in  TKA"1 

Conditt,  M.A.,  Noble,  P  C .,  Allen,  B.,  Shen,  M.,  Parsley,  B.5.,  Mathis,  K.B. 

Journal  of  Bone  and  Joint  Surgery  2004 

7.  Does  Total  Knee  Replacement  restore  Normal  Knee  Function? 

Noble,  PC,  Gordon  MJ,  Weiss  JM.  Reddix  RN,  Conditt  MA,  Mathis,  KB  Clin  Orthop  Relat 
Res.  2005  Feb;  (431):  157-65. 

8.  Cracking  and  impingement  in  ultra-high-molecular-weight  polyethylene  acetabular  liners. 
Birman  MV,  Noble,  PC,  Conditt  MA,  Li  S,  Mathis  KB  J  Arthroplasty.  2005  Oct;  20(6 
Suppl  3): 87-9 2. 


Books,  Book  Chapters  and  Reviews 

1.  “An  Orthopedic  Perspective  of  Osteoporosis”  Heggeness,  M.D.  and  Mathis, 

K.B  .Osteoporosis,  1097-1 1 1 1 ,1998,  Academic  Press 

2.  “Pre-operative  Templating  in  Revision  THR”  Mathis,  K.B.;  Noble,  P  C.;  Tullos,  H.S. 
Revision  Total  Hip  Arthroplasty  Bierbaum  BE,  Bono  JV,  McCarthey  JC,  Thornhill  TS,  Turner 
MD  (editors.  Springer,  New  York  Inc.,  1999 

3.  “An  Orthopedic  Perspective  of  Osteoporosis”  Heggeness,  M.D,  and  Mathis, 

K .  B . ,  O  ste  op  o  ro  s  is ,  Secon  d  E  dit  io  n ,  Academ  i  c  Press  ,2001 


New  Publication  to  be  published  early  2006  -  Journal  of  Engineering  In  Medicine 

1  “A  Computerized  Bioskills  for  Surgical  Skills  Training  in  Total  Knee  Replacement” 

Michael  Conditt,  PhD;  Philip  C.  Noble,  PhD,  Matthew  T.  Thompson,  MD,  Sabir  K.  Ismaily,  BS, 
Gregory  L.  Moy,  BS,  Kenneth  B.  Mathis,  MD 

Abstracts: 

1.  Is  an  Initial  Postoperative  Radiograph  Necessary  for  Radiographic  Measurement  of 
Acetabular  Wear  in  THR,  Sugano  N,  Mathis  MB,  Kamaric  E,  Inkofer  HE,  Kadakia  N  Noble 
PC.  Orthopaedic  Transactions,  22:1:271,  1998 

2.  The  Reliability  of  Distal  Fixation  in  Total  Hip  Replacement,  Noble  PC,  Alexander  JW. 
Atchison  SM,  Paravic  VP,  Kamaric  E,  Mathis  KB,  International  Society  for  Technology  in 
Arthroplasty,  13,h  Annual  Symposium,  Berlin,  Germany,  September  20-23,  2000. 

3.  Physical  Activity  After  Total  Knee  Replacement  (TKR):  What  is  important  to  the 
patient?,  Noble  PC,  Weiss  JM,  Kohl  HW,  Mathis  KB,  Roberts  S,  Parsley  BS  International 
Society  for  Technology  in  Arthroplasty,  1  3lh  Annual  Symposium,  Berlin,  Germany.  September 
20-23,2000. 

4.  The  Reliability  of  Distal  Fixation  in  Total  Hip  Replacement,  Noble  PC,  Alexander  JW. 

Atchison  SM,  Paravic  VP,  Kamaric  E,  Mathis  KB,  International  Society  for  Technology  in 
Arthroplasty.  1  3th  Annual  Symposium.  Berlin,  Germany,  September  20-23,  2000. 

5.  Pilot  Study:  Application  of  Visualization  Technology  to  Quantify  Bioskills  in  TKR, 
Noble  PC.  Conditt  MA,  Thompson  MT,  Ismaily  SK,  Moy  GJ,  Mathis  KB.  Dorr  LL  Orthopedic 
Research  Society,  San  Francisco,  California,  February  25-28,  2001 

6.  Kinematic  Benchmarking  of  TKA  Performance  (LCS  vs  NKII  vs  NexGen  PS),  Noble  PC, 
Conditt  MA,  Thompson  MT,  Mathis  KB,  Parsley  BS  American  Academy  of  Orthopedic 
Surgeons,  San  Francisco,  California,  February  28-March  4,  2001 . 
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7.  The  Reliability  of  Distal  Fixation  in  Total  Hip  Replacement,  Noble  PC*  Alexander  JW. 
Atchison  SM,  Paravic  VP,  Kamaric  E,  Mathis  KB,  6S1'1  Annual  Meeting,  American  Academy  of 
Orthopedic  Surgeons,  San  Francisco,  California,  February  28-March  4,  2001 . 

8.  Functional  Outcomes  of  TKA:  What  is  Important  to  the  Patient?  Noble  PC,  Conditt  MA, 
Weiss  JM,  Mathis  KB,  Olson  S,  Cook  K,1r‘  Annual  Meeting,  American  Association  of  Hip 
and  Knee  Surgeons,  Dallas,  Texas,  November  9-11,  200 

9.  Pilot  Study:  Application  of  Visualization  Technology  to  Quantify  Bioskills  in  TKFE, 
Noble  PC,  Conditt  MA,  Thompson  MT,  Ismaily  SK,  Moy  GJ.  Mathis  KB.  Dorr  L,  69lh  Annual 
Meeting,  American  Academy  of  Orthopedic  Surgeons.  Dallas,  Texas,  February  13-17,  2002 

10.  Computer  Assisted  Surgery  (CAS):  New  Tools  for  Minimally  Invasive  Approaches:  CAS 
Tools  for  Training  and  Research,  Noble  PC?  Conditt  MA,  Thompson  MT,  Paravic  V,  Ismaily 
SK,  Moy  GJ,  Mathis  KB  Orthopedic  Research  Society/ American  Academy  of  Orthopedic 
Surgeons  Combined  Day  Symposium,  New  Orleans,  Louisiana,  February  5,  2003 

11.  A  Quantitative  Comparison  of  Two  Alternative  Incisions  for  MIS  Hip  Replacement, 
Noble  PC,  Thompson  MTT,  Mathis  KB,  Heinrich  M,  Alexander  JW  Ismaily  SK,  Johnston  JD, 
International  Society  for  Technology  in  Arthoplasty,  San  Francisco,  California,  September  22 
-27.2003 

12.  To  What  Extent  Does  Total  Knee  Replacement  (TKR)  Restore  the  Normal  Function  of 
the  Knee,  Noble  PC,  Gordon  MJ,  Weiss  J,  Mathis  KB,  Gondit  MA,  International  Society  for 
Technology  in  Arthoplasty.  San  Francisco,  California,  September  22  -  27.  2003 

13.  Which  Physical  Activities  Should  We  Recommend  After  TKA,  Noble  PC,  Weiss  J,  Kohl 
W,  Mathis  KB,  Dorr  L,  1 31h,  Annual  Meeting,  American  Association  of  Hip  and  Knee 
Surgeons,  Dallas,  Texas,  October  31  -  November  2,  2003. 

14.  The  Mechanics  of  Minimally  Invasive  Hip  Replacement,  Thompson  MT,  Noble  PC,  Mathis 

KB,  Heinrich  M,  Ismaily  SK  71  s\  Annual  Meeting  American  Academy  of  Orthopedic 
Surgeons,  San  Francisco,  California,  March  10-14.  2004  Paper  #209. 

15.  The  Mechanics  ot  Minimally  Invasive  Hip  Replacement  Surgery  (Modified  with  The 
Mobility  of  Single  Incision  in  MIS),  Heinrich  M,  Noble  PC,  Thompson  MT,  Mathis  KB, 
Alexander  JW,  Ismaily  SK,  Johnston  JD,  The  77lh  Annual  Congress,  Japanese  Orthopedic 
Association,  Kobe,  Japan,  May  20-23,  2004. 

16.  Anterior  Impingement  After  THR-  The  Role  of  Implant  Placement  and  The  Level  of  The 
Femoral  Neck  Osteotomy,  Thompson  MT,  Noble  PC,  Johnston  JD,  Okawa  T,  Mathis  KB, 
The  77llt  Annual  Congress,  Japanese  Orthopedic  Association,  Kobe,  Japan,  May  20-23, 

2004. 

17.  Cracking  and  Impingement  in  UHMWPE  Acetabular  Liners,  Noble  PC;  Birman  MV; 

Johnston  JD;  Alexander  JW;  Li  S;  Mathis  KB  14lh  Annual  Meeting  American  Association  of 
Hip  and  Knee  Surgeons,  Dallas,  Texas,  November  5-7.  2O04. 

18.  A  Computerized  Bioskills  System  for  Surgical  Skills  Training  in  Total  Knee 
Replacement,  Conditt  MA;  Noble  PC;  Thompson  MT;  Ismaily  SK;  Mathis  KB;  72nd  Annual 
Meeting,  American  Academy  of  Orthopedics  Surgeons,  Washington,  DC  -  February  23-27, 

2005,  Paper  No:  068 

19.  Cracking  and  Impingement  in  UHMWPE  Acetabular  Liners,  Birman  MV;  Noble  PC; 

Johnston  JD;  Alexander  JW;  Li  S;  Mathis  KB;  Orthopedic  Transactions,  30:09,2005 

20.  Factors  Affecting  Satisfaction  with  Knee  Function  After  TKR,  Noble  PC,  Conditt  MA, 
Mathis  KB,  Orthopedic  Transact  ions  ,30: 168  ,2005 


Invited  lectures,  presentations,  research  seminars: 

Experience  with  Interlocking  Intramedullary  Nailing  of  Femoral  Shaft  Fractures 
At  LSUMC  Shreveport,  LA  1983-1986 
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Louisiana  Orthopedic  Association  Annual  Meeting 
Shreveport,  Louisiana  1987 

Fractures  of  the  Femur  Treated  with  Interlocking  Nails  at  LSMU-  Shreveport 
Annual  LSU  Orthopedic  Alumni  Weekend 
Shreveport,  Louisiana  1987 

A  Comparison  of  Distal  Fixation  Methods  in  Intramedullary  Tibial  Nails 
Annual  LSU  Orthopedic  Alumni  Weekend 
Shreveport,  Louisiana  1988 

Seventeen  Year  Survivorship  Analysis  of  Effects  of  Heterotopic  Bone  Formation  on  Total  Flip 
Arthroplasty 

Annual  LSU  Orthopedic  Alumni  Weekend 
Shreveport,  Louisiana  1989 

Use  of  the  Stanisavljevic  Procedure  in  Congenital  and  Developmental 

Dislocations  of  the  Patella 

Annual  LSU  Orthopedic  Alumni  Weekend 

Shreveport,  Louisiana  1990 

'  Use  of  Constrained  Acetabular  Components  in  Total  Hip  Replacement15 
Joint  Medical  Products 
San  Antonio,  Texas 
October  1 994 

“Lower  Extremity  Amputations” 

Basic  Science  Course  in  Vascular  Surgery 
Houston,  Texas 
April  1995 

American  Academy  of  Orthopedic  Surgeons,  63™1  Annual  Meeting 
Atlanta,  Georgia 
February  1996 

Hip  Society  -  Specialty  Day 
San  Francisco,  California 
February  1997 

American  Academy  of  Orthopedic  Surgeons,  641*1  Annual  Meeting 
San  Francisco,  California 
February  1997 

XIV  National  Congress  of  Orthopedics  and  Traumatology 
Merida,  Yucatan,  Mexico 
October  1  997 

Arthritic  Hip,  Knee  and  Shoulder  Course  1998 
The  University  of  South  Florida  College  of  Medicine 
Park  City,  Utah 

American  Academy  of  Orthopedic  Surgeons,  651h  Meeting 
New  Orleans,  Louisiana 
March  1998 

13'11  Annual  Combined  Orthopedic  Symposium 
Honolulu,  Hawaii 
April  1998 
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Harris  Hip  Course 

Harvard  University  September  1998 

American  Academy  of  Orthopedic  Surgeons,  661'1  Annual  Meeting 
Anaheim,  California 
February  1999 

Hip,  Knee,  and  Shoulder  Symposium 
Park  City,  Utah 
March  1999 

Total  Knee,  Hip  and  Shoulder  Arthroplasty  Workshop 
Pinehurst,  North  Carolina 
April  1999 

Techniques  in  Arthritis  Surgery.  61h  Annual  Masters  Series 
Pasadena,  California 
April  1 999 

The  Hip,  Knee  &  Shoulder  Symposium 
'  Revision  Total  Hip  Replacement" 

Park  City,  Utah 
July  1999 

Chandeleur  Island  Meeting 

Knee  and  Hip  Arthroplasty  Workshop 

"Use  of  Grit  Blast  Titanium  in  Revision  Total  Hip  Arthroplasty1' 

Venice,  Louisiana 

October  1  999 

Total  Joint  Arthroplasty 

"Primary  and  Revision  Surgical  Techniques" 

Phoenix,  Arizona 
October  1 999 

Metasul  Hip  Presentation 
Dallas.Texas 
November  1 999 

"New  Advances  in  Medical  and  Surgical  T reatments  of  Arthritis1' 
Houston,  Texas 
January  2000 

"Total  Joint  Arthroplasty:  Revision  Surgical  Techniques" 

Tampa,  Florida 
February  2000 

"Contemporary  Treatment  of  Revision  Hip  Arthroplasty"1 
New  York,  NY 
December  2000 

Hip,  Knee,  Shoulder  Symposium 
"Cement less  Revision:  Long  Stems" 

Park  City.  Utah 
March  2001 

LSU  Health  Science  Center 
"Why  Do  Hips  Still  Dislocate?" 
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'Approaching  Revision  Hip  Replacement  from  Stability" 

Shreveport,  Louisiana 
May  2001 

Current  Techniques  in  Arthroplasty 

“Prevention  and  T reatment  of  the  Over  Lengthened  Leg* 

'Management  of  Fractures  about  Total  Hip  Implants 
Key  Largo,  Florida 
June  2001 

1 1"1  Annual  Total  Knee,  Hip  and  Shoulder  Arthroplasty  Seminar 
“Patella  Femoral  Complications.  Keep  it  on  Track" 

“Why  Do  Hips  Still  Dislocate?* 

Beaver  Creek,  Colorado 
August  2001 

31s1  Annual  Fall  Hip  Course 
“Precedent  Revision  Stems" 

Boston j  Massachusetts 
October  2001 

Excellence  in  TJR  Outcomes:  Focus  on  Design  and  Techniques 
“Approaching  Revision  Hip  Arthroplasty  from  Stability" 

Newport  Beach,  California 
November  2001 

Excellence  in  Revision:  Contemporary  Treatment  of  Revision  Knee  Arthroplasty 
“Mechanisms  of  Failure  in  TKA* 

“Management  of  Collateral  Ligament  Insufficiency7' 

New  York  City,  New  York 
December  2001 

American  Academy  of  Orthopedic  Surgeons,  691'1  Annual  Meeting 

Dallas.Texas 

February  2002 


The  2002  Hip,  Knee  &  Shoulder  Symposium 
Park  City,  Utah 
March  2002 

The  75th  Annual  Meeting  of  the  Japanese  Orthopaedic  Association 
Asia-Pacific  Orthopaedic  Meeting 
Okayama,  Japan 
May  2002 

12,h  Annual  Total  Knee,  Hip  and  Shoulder  Arthroplasty  Seminar 
“Blood  Serum  Levels  with  Metal- on- Meta  I” 

“Less  is  Better:  MIS  Straight  from  the  Hip* 

“Mastering  the  Revision  Hip" 

Raleigh,  North  Carolina 
June  2002 

Excellence  in  TJR  Outcomes:  MIS  Techniques  Meeting 
“Adapting  Minimally  Invasive  Total  Hip  Replacement* 

Dana  Point,  California 
November  2002 
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Scientific  Seminar/Live  Surgery 
Queensland  Medical  Board 
Queensland,  Australia 
January  2003 

American  Academy  of  Orthopedic  Surgeons,  701h  Annual  Meeting 
New  Orleans,  Louisiana 
February  2003 

The  33rd  Annual  Meeting  of  the  Japanese  Society  for  Replacement  Arthroplasty 

The  Effect  of  Implant  Design  on  the  Kinematic  Performance  of  Total  Knee  Replacements’1 

‘Ion  Release  in  Metal -On- Meta  I  Couplings  in  THR” 

Oita>  Japan 
February  2003 

The  2003  Hip,  Knee  &  Shoulder  Symposium 
£MIS  Primary  Knee’1 
'Metal  on  Metal  THA,P 
‘  Distal  Fixation” 

Park  City,  Utah 
March  2003 

Tenth  Annual  Masters  Series  -  Techniques  in  Arthritis  Surgery 

MIS/Gomputer  -  Assisted  THR  Live  Surgery 

Moderator-  MIS  TKR 

Pasadena,  California 

April  2003 

Current  Techniques  in  Arthroplasty 

"Prevention  and  T reatrnent  of  the  Over- lengthened  Leg" 

'Management  of  Fractures  about  Total  Hip  Implants” 

Key  Largo.  Florida 
May  2003 

The  16th  Annual  Symposium  for  the  International  Society  for  Technology  In  Arthroplasty 
£:A  Quantitative  Comparison  of  Two  Alternative  Incisions  for  MIS  Flip  Replacement’ 

To  What  Extent  Does  Total  Knee  Replacement  (TKR)  Restore  Normal  Function  of  the  Knee’1 
San  Francisco,  California 
September  2003 

Natural-Knee  MIS  Instrument  Evaluation 
"Converge  Acetabular  Cup1' 

Park  City.  Utah 
November  2003 

North  American  Hip  &  Knee  Symposium 
"Dislocations  -  Prevention,  New  Options  for  Treatment 
Beaver  Creek,  Colorado 
January  2004 

Scientific  Seminar/Live  Surgery 
Queensland  Medical  Board 
Queensland,  Australia 
February  2004 

20’11  Annual  Flip,  Knee  &  Shoulder  Symposium 
"Avoiding  Dislocation  with  Soft  Tissue  Repair” 

Park  City,  Utah 
February  2004 
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American  Academy  of  Orthopedic  Surgeons,  71 &t  Annual  Meeting 
San  Francisco,  California 
March  2004 

Hawaiian  Orthopedic  Association 

'Advances  in  Total  Hip  Arthroplasty:  Minimally  Invasive  Approaches  &  Alternate  Bearing 
Studies1’ 

The  Queen’s  Medical  Center 
Honolulu,  Hawaii 
April  2004 

Exhibits 


Preoperative  Templating  in  Cementless  Hip  Replacement:  How  Wrong  Can  You  Be? 

Noble,  P  C.;  Tullos,  H.C.;  Eckrich,  S.G.J.;  Mathis,  KB;  Dooley,  L. 

Scientific  Exhibit:  59th  Annual  Meeting,  American  Academy  of  Orthopedic  Surgeons 
Washington,  D.C.,  February  1992. 

Migration  of  the  Femoral  Head  to  the  Polyethylene  Insert  of  initial  Radiographs 
Sugano  N,  Mathis  KB,  Kamaric  E,  Inkofer  H,  Kadakia  N,  Noble  PC 
Paper  Exhibition:  65th  Annual  Meeting,  American  Academy  of  Orthopedic  Surgeons 
New  Orleans,  LA,  February  1 998 

Is  an  Initial  Postoperative  Radiograph  Necessary  for  Radiographic  Measurement  of  Acetabular 
Wear  in  Total  Hip  Replacement? 

Sugano  N,  Mathis  KB,  Kamaric  E,  Noble  PC,  Inkofer  U,  Kadakia  N 

Scientific  Exhibit:  65th  Annual  Meeting,  American  Academy  of  Orthopedic  Surgeons 

New  Orleans,  LA,  February  1998 

Institutional  Analysis  of  Patients  with  Constrained  Acetabular  Liners 
Mathis  KB,  Inkofer  HE,  Sugano  N.  Femeau  R 

Paper  Exhibition:  651'1  Annual  Meeting,  American  Academy  of  Orthopedic  Surgeons 
New  Orleans,  LA,  February  1 998 

Stem/Bone  Contact  and  Rotational  Stability  of  Cementless  Prostheses  in  Revision  THA 

Atchison  SM,  Noble  PC.  Alexander  JW,  Kamaric  E,  Mathis,  KB 
Poster  Exhibition:  Orthopedic  Research  Society 
Anaheim,  CA,  February  1999 


Total  Hip  Replacements  Done  with  a  Femoral  Stem  Design  which  has  an  Integral  Performed 
Proximal  Centralizer  Made  of  PMMA 

Atchison  SM,  Huo  MH,  Davidson  JP.  Mathis  KB 

Paper  Exhibition:  G6lh  Annual  Meeting,  American  Academy  of  Orthopedic  Surgeons 
Anaheim,  GA,  February  1999 

Cemented  Total  Hip  Replacements  Performed  Using  A  Femoral  Stem  With  Proximal  &  Distal 
Centralizers. 

Huo  MH,  Atchison  SM,  Davidson  JP.  Mathis  KB 

Poster  Exhibition:  66,h  Annual  Meeting.  American  Academy  of  Orthopedic  Surgeons 
Anaheim,  GA,  February  1999 

Cementless  Total  Hip  Replacements  Done  With  an  Extensively  Coated  Femoral  Stem  Design. 

A  6-8  Year  Follow-up  Study 

Atchison  SM,  Huo  MH,  Davidson  JP.  Mathis  KB,  Tullos  HS 

Poster  Exhibition:  66,h  Annual  Meeting.  American  Academy  of  Orthopedic  Surgeons 
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Anaheim,  CA,  February  1999 

A  New  Method  for  Tibral  Cement  Pressurization  in  Total  Knee  Arthroplasty 

Paravic  V.  Conditt  MA.  Stampel  BA,  Noble  PC,  Mathis  KB 
American  Association  of  Hip  and  Knee  Surgeons 
Anaheim ,  CA  1999 

Physical  Activity  After  Total  Knee  Replacement  (TKR)  What  is  Important  to  the  Patient? 

Weiss  JM,  Kohl  HW,  Noble  PC,  Mathis  KB,  Roberts  S,  Parsley  BS 
American  Association  of  Hip  and  Knee  Surgeons 
Anaheim,  CA  1 999 

Surgeon's  Recommendations  Regarding  Activity  After  Total  Knee  Replacement: 

Is  There  a  Consensus? 

Weiss  JM,  Noble  PC,  Kohl  HW,  Mathis  KB 
American  Association  of  Hip  and  Knee  Surgeons 
Anaheim,  CA  1 999 

High  Demand  Activities  After  Total  Knee  Replacement  (TKR) 

Weiss  JM,  Noble  PC,  Kohl  HW,  Mathis  KB.  Robert  S 
American  Association  of  Hip  and  Knee  Surgeons 
Anaheim,  CA,  February  1999 

The  Total  Knee  Replacement  (TKR)  Patient  in  1999 

Weiss  JM,  Noble  PC,  Kohl  HW,  Mathis  KB,  Robert  S 
American  Association  of  Hip  and  Knee  Surgeons 
Anaheim,  CA,  February  1999 

The  Total  Knee  Replacement  (TKR)  Patient  in  1939 

Weiss  JM,  Noble  PC,  Kohl  HW,  Mathis  KB.  Robert  S 
International  Society  of  Technology  in  Arthroplasty 
Chicago  1 999 

Choice  of  Ingrowth  Coating  Dramatically  Affects  the  Torsional  Stability  of  Cement  less  Stems 

Alexander  JW,  Noble  PC,  Atchison  SM,  Kamaric  E,  Mathis  KB 

Paper  Exhibition:  67L|1  Annual  Meeting,  American  Academy  of  Orthopedic  Surgeons 

Orlando  FL,  February  2000 

High  Demand  Activities  After  Total  Knee  Replacement  (TKR) 

Weiss  JM,  Noble  PC,  Kohl  HW,  Mathis  KB.  Roberts  £ 

Orthopedic  Research  Society 
Orlando,  FL,  February  2000 


Physical  Activity  After  Total  Knee  Replacement  (TKR)  What  is  Important  to  the  Patient? 

Weiss  JM,  Roberts  S,  Kohl  HW,  Noble  PC,  Mathis  KB 
Orthopedic  Research  Society 
Orlando,  FL  2000 

Surgeons'  Recommendations  Regarding  Activity  after  Total  Knee  Replacement: 

Is  There  a  Consesus? 

Weiss  JM,  Noble  PC,  Kohl  HW,  Mathis  KB 
Orthopedic  Research  Society 
Orlando,  FL  2000 

The  Reliability  of  Distal  Fixation  in  Cementless  Hip  Replacement 

Noble  PC,  Alexander  JW,  Atchison  SM.  Paravic  VP,  Kamaric  E,  Mathis  KB 
Orthopedic  Research  Society 
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Orlando,  FL  2000 

Kinematic  Benchmarking  of  TKA-  Performance  {LOS  vs  NK1I  NexGen  PS) 

Noble  PC.  Conditt  MA.  Thompson  MT,  Mathis  KB,  Parsley  BS 
Orthopedic  Research  Society 
Orlando,  FL  2000 

Functional  Outcomes  of  TKA:  What  is  Important  to  the  Patient? 

Noble  PC,  Conditt  MA.  Weiss  JM,  Mathis  KB.  Conditt  MA 

Paper  Exhibition:  67lh  Annual  Meeting,  American  Academy  of  Orthopedic 

Surgeons,  Orlando,  FL,  February  2000 

The  Total  Knee  Replacement  (TKR)  Patient  in  2000 

Weiss  JM,  Noble  PC,  Kohl  HW,  Mathis  KB,  Robert  S 

Paper  Exhibition:  67th  Annual  Meeting,  American  Academy  of  Orthopedic  Surgeons 
Orlando,  FL,  February  2000 

Kinematic  Benchmarking  of  TKA  Performance  (LCS  vs  NKII  vs  NexGen  PS) 

Noble  PC,  Conditt  MA,  Thompson  MT,  Mathis  KB,  Parsley  BS 
International  Society  for  Technology  in  Arthroplasty 
Chicago  2000 


Kenneth  B.  Mathis,  M.D 


Date 
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Appendix  J.  Dr.  Phillip  C.  Noble  Curriculum  Vitae 


CURRICULUM  VITAE 

Date  of  preparation:  March  2,  2009 

A.  General  information 


Office  Address: 

6550  Fannin,  Suite  #  2512 

Houston,  Texas  77030 

Office  Telephone: 

713-441-3010 

Office  Fax: 

713-790-2214 

Home  Address: 

3620  Albans 

Houston,  Texas  77005 

Cell  Phone: 

713-261-0137 

E-mail: 

pnoble(S)bcm.edu 

Citizenship: 

Australia,  immigrant  visa 

Date  of  Birth: 

September  22,  1952 

Birthplace: 

Australia 

Spouse’s  Name: 


Kathy 


171 


Children’s  Name:  David  and  Katherine 


B.  Education  Background 

Degree  Institution  name  and  location 


Dates  attended 


Doctor  of  Philosophy 


Strathyclyde  University- 


Glasgow,  United  Kingdom 

Dissertation  “The  Biomechanics 
of  the  Acetabulum  and 
Acetabular  Replacement” 


Advisor:  Professor  J.  P.  Paul 


Examiners:  Professor  S.  A.  V. 
Swanson,  Dr.  A.  C.  Nicol 


1988-1995 


University  of  Melbourne, 

Melbourne,  Australia 

Master  of  Engineering 
Science 

Thesis  title  “The  Development  of  1 974-1975 

a  Method  for  the  Measurement  of 
Fracture  Compression  Forces  in- 
vivo” 


Bachelor  of  Engineering  University  of  Melbourne 
(Metallurgical)  Melbourne,  Australia 


1970-1973 


C.  Professional  Positions  and  Employment 
Academic  appointments: 

John  S.  Dunn  Professor  of  Orthopedic  Surgery  (Research) 

The  Methodist  Hospital,  Flouston,  Texas 

1994-Present 

Professor  (Non-Tenured) 


Year  Awarded 


1995 


1975 


1973 
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Joseph  Barnhart  Department  of  Orthopedic  Surgery 
Baylor  College  of  Medicine,  Houston,  Texas 
1999-Present 

Director  of  Orthopedic  Research 

Joseph  Barnhart  Department  of  Orthopedic  Surgery 
Baylor  College  of  Medicine,  Houston,  Texas 
1984-Present 

Director  of  Research 

Institute  of  Orthopedic  Research  and  Education,  Houston,  Texas 

1994  -  Present 

Other  Positions: 

Chair/Program  Chair 

Computer  Modeling  Special  Interest  Group,  Society  for  Biomaterials,  2002 

Associate  Professor 

Joseph  Barnhart  Department  of  Orthopedic  Surgery,  Baylor  College  of  Medicine,  Houston,  Texas 
1995- 1999 

Research  Associate  Professor 

Department  of  Orthopedic  Surgery,  Baylor  College  of  Medicine,  Houston,  Texas, 

1989-1995 

Director,  Orthopedic  Research  Laboratory 

The  Methodist  Hospital,  Houston,  Texas,  1983-1993 

Technical  Director 

Texas  Rehabilitation  Engineering  Center,  Texas  Institute  of  Rehabilitation  and  Research 
Houston,  Texas,  1982-1983 

Research  Associate 

Fondren  Orthopedic  Group,  Houston,  Texas,  1983-1989 

Project  Bioengineer 

Department  of  Medical  Physics,  Royal  Perth  Hospital,  Western  Australia,  1976-1981 
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Tutor  and  Examiner  in  Engineering  Materials 

University  of  Melbourne,  Melbourne,  Australia,  1975 

Demonstrator  in  Metallurgy  and  Engineering 

University  of  Melbourne,  Melbourne,  Australia,  1974 

Research  in  Bioengineering 

Department  of  Surgery 

Monash  University  and  Department  of  Engineering 
University  of  Melbourne,  Melbourne,  Australia,  1974-1975 

D.  Professional  Memberships 
Journal  Editorial  Boards; 

The  Editorial  Committee-The  Journal  of  Arthroplasty-Present 
Arthroplasty  Editorial  Committee-  Sports  Medicine  News,  1991-1993 
Advisory  Board  -  Hip  International 

Review  Panels: 

Reviewer  of  Manuscripts: 

The  Journal  of  Arthroplasty 
The  Journal  of  Bone  and  Joint  Surgery 
Clinical  Orthopedics  and  Related  Research 
Orthopedics  and  Related  Sciences 
Orthopedic  Special  Edition 
Journal  of  Shoulder  and  Elbow  Surgery 
Journal  of  Applied  Biomaterials 
Journal  of  Orthopedic  Research 
Hip  International 
Professional  Societies: 

American  Academy  of  Orthopedic  Surgeons 
The  Hip  Society 
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The  Knee  Society 

Texas  Orthopedic  Association 

American  Association  of  Hip  and  Knee  Surgeons 

International  Society  for  Technology  in  Arthoplasty 

Orthopedic  Research  Society 

Chartered  Engineer,  Australia  and  United  Kingdom  1976-1982 
Australian  Orthopedic  Association,  Affiliate  Member  1982  -  1992 
Australian  Institution  of  Engineers,  Member  1976  -  1982 

E.  Honors: 

1.  Exhibition  of  Metallurgical  Engineering,  University  of  Melbourne,  Melbourne,  Australia,  1973 

2.  Neill  G  reenwood  Medal  -  Outstanding  E  xhibitioners  in  Mining  and  Met  allurgy,  U  niversity  of 
Melbourne,  Melbourne,  Australia,  1973 

3.  Sir  Winston  Churchill  Traveling  Fellowship,  1979 

4.  Frank  Stinchfield  Award  -  Outstanding  Research  Related  to  the  Hip.  “The  Anatomic  Basis  of  Femoral 
Component  Design,”  The  Hip  Society,  1988 

5.  Visiting  Professor  -  Department  of  Orthopaedic  Surgery,  University  of  Aiche,  Nagoya,  Japan,  1990 

6.  Guest  Lecturer,  Central  Japan  Association  of  Orthopaedic  Surgery  and  Traumatology,  Biwa,  Japan, 
1995 

7.  Houston  Orthopedic  Society  Research  Award,  Houston  Orthopedic  Society,  1999 

8.  The  Herodicus  Society,  Best  Paper  Award:  “Incongruity  of  Osteochondral  Grafts”  presented  during 
the  Annual  Meeting  of  the  American  Orthopedic  Society  for  Sports  Medicine,  1999 

9.  The  O  tto  A  ufranc  A  ward  f  or  O  utstanding  R  esearch  R  elated  to  t  he  Clinical  Treatment  of  Hip 
Disease:  “The  Role  of  Labral  Lesions  in  the  Development  of  Early  Degenerative  Hip  Disease,”  The 
Hip  Society,  2001 

10.  The  Otto  AuFranc  Award  for  Outstanding  Research  Related  topic:  “The  Dysplastic  Femur:  3D 
Morphology  and  Implications  for  Total  Hip  Replacement,”  The  Hip  Society,  2002 

11.  The  John  Insall  Award  for  Outstanding  Clinical  Research  Related  to  Total  Knee  Arthroplasty  for  the 
study:  “Patient  Satisfaction  After  Total  Knee  Replacement”,  The  Knee  Society,  2006 

12.  Frank  Stinchfield  Award  for  Outstanding  research  related  to  the  hip:  “The  Biomechanics  of  the  Hip 
Labrum  and  the  Stability  of  the  Hip  Joint”.  The  Hip  Society,  2007 

13.  Elected  Member  of  the  Knee  Society,  2008 

F.  Institutional/Hospital  Affiliation 

Baylor  College  of  Medicine 

The  Methodist  Hospital 

G.  Employment  status 

Name  of  Employer:  John  S.  Dunn  Foundation 

Employment  Status:  Endowed  Professor 
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Name  of  Employer:  Cognoscenti  Inc 
Employment  Status:  President 

Name  of  Employer:  Advanced  Technology  in  Orthopedics  LP 
Employment  Status:  Managing  Partner 

Name  of  Employer:  Orthopedic  Discovery  LLC 
Employment  Status:  President 

H.  Current  and  Past  Institutional  Responsibilities  and  Percent  Effort 

Teaching  Duties 

Lectures  to  Residents 

Subject  Areas:  Orthopedic  Research,  Biomechanics,  Biomaterials,  Statistics,  Joint  Replacement. 
Barnhart  Department  of  Orthopedic  Surgery,  Baylor  College  of  Medicine 


Supervision  of  Research  Activities  of  Faculty,  Fellows,  Residents  and  Students 

Department  of  Orthopedic  Surgery,  Methodist/Cornell  College  of  Medicine 

Barnhart  Department  of  Orthopedic  Surgery,  Baylor  College  of  Medicine 

Administrative  Duties 

1.  Member,  Institutional  Review  Board,  The  Methodist  Hospital,  Houston,  Texas,  1991-1994 

2.  Chairman,  R  esidency  R  esearch  C  ommittee,  J  oseph  B  arnhart  D  epartment  of  O  rthopedic  S  urgery, 
Baylor  College  of  Medicine,  Houston,  Texas 

3.  Member,  Residency  Review  Committee,  Joseph  Barnhart  Department  of  Orthopedic  Surgery,  Baylor 
College  of  Medicine,  Houston,  Texas 

4.  Chairman,  Search  Committee,  Alexander  and  Ruth  Brodsky  Professorship  of  Surgery  of  the  Spine, 
Department  of  Orthopedic  Surgery,  Baylor  College  of  Medicine,  1990-1991 

5.  Member,  G  raduate  M  edical  Education  C  ommittee,  J  oseph  Barnhart  Department  of  O  rthopedic 
Surgery,  Baylor  College  of  Medicine,  Houston,  Texas,  1999-Present 

6.  Member,  Institutional  Review  Board  for  Human  Subject  Research  for  Baylor  College  of  Medicine  and 
Affiliated  Hospitals,  Baylor  College  of  Medicine,  Houston,  Texas,  1999-2003 

7.  Vice  Chair,  Institutional  Review  Board  for  Human  Subject  Research  for  Baylor  College  of  Medicine 
and  Affiliated  Hospitals,  Baylor  College  of  Medicine,  Houston,  Texas,  2003-Present 

Current  Percent  Effort 

Students/Researchers 


Teaching  10% 

Administration  50% 
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Research _ 40% 

Total  100% 

I.  Research  Support 
1998-2003:  Total  Funding:  $2.029,477 

1 .  Institutional  Supporting  Grants  for  Research 

Funding  Source:  Communities  Foundation  of  Texas 

Date:  1998  Amount:  $20,000 

2.  Institutional  Supporting  Grants  for  Research 

Funding  Source:  Communities  Foundation  of  Texas/The  Methodist  Hospital  Foundation 
Date:  1999  Amount:  $100,000 


3.  Regional  Variations  in  the  Morphology  of  CDH  in  the  Japanese  Population 

Co-Investigator  Funding  Source:  Howmedica-  Osteonics 

Date:  1999  Amount:  $188,000 


4.  Development  of  a  Virtual  Biomechanics  System  for  Design  &  Analysis  of  Total  Knee 
Replacements 

Primary  Investigator  Source:  Sulzer,  Inc 

Date:  1999  Amount:  $375,000 


5.  The  Scientific  Validity  of  the  Intra-operative  Torques  Test 

Primary  Investigator  Source:  Howmedica  Inc. 

Date:  1998  Amount:  $12,500 


6.  Institutional  Supporting  Grants  for  Research 

Source:  Communities  Foundation  of  Texas/  The  Methodist  Hospital  Foundation 


Date:  1997 


Amount:  $20,000 
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7.  Patello-Femoral  Kinematics  of  the  LCS  Knee  Prosthesis 

Co-Investigator  Source:  Depuy,  Inc. 

Date:  1998  Amount:  $20,886 


8.  Pilot  Study:  Automated  Integration  of  Biomechanical  and  Clinical  Data  to  Expedite 
Patient  Management 

Co-Investigator  Source:  Searle  Pharmaceutical  Inc 

Date:  1998  Amount:  $9,500 


9.  Cement  Pressures  and  Cancellous  Penetration  Achieved  with  the  Stamper 

Co-Investigator  Source:  Sulzer  Medica 

Date:  1998  Amount:  $29,736 


10.  The  Biomechanics  of  ACL  Reconstruction  with  Hamstring  Tendon  Autografts 

Co-Investigator  Source:  Institute  of  Orthopedic  Research  and  Education  Date:  1998- 

1999  Amount:  $27,  719 


1 1 .  Cadaveric  Evaluation  of  the  Ankle  Mortise  with  Anatomical 

Primary  Investigator  Source:  Institute  of  Orthopedic  Research  and  Education  Date: 

1998  Amount:  $15,800 


12.  Glenohumeral  Joint  Translation  and  Range  of  Motion  after  Selective  Arthroscopic 
Thermal  Capsulorrhaphy  with  a  Radiofrequency  Probe 

Co-Investigator  Source:  Institute  of  Orthopedic  Research  and  Education  Date:  1999 

Amount:  $18,649 


13.  Intra-operative  Measures  of  Enhance  Cement  Fixation  of  Tibial  Components  in  TKR 

Co-Investigator  Source:  Sulzer  Medica  Inc 


Date:  1998-1999 


Amount:  $30,000 


14.  Backside  Polyethylene  Wear  in  Modular  Tibial  Components 

Co-Investigator  Source:  Institute  of  Orthopedic  Research  and  Education 


Date:  1999 


Amount:  $11,008 
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15.  Polyethylene  Insert  Micromotion  in  Modular  TKR 

Co-Investigator  Source:  Institute  of  Orthopedic  Research  and  Education  Date: 

1999  Amount:  $20,360 


16.  Tekscan  Thin-Film  K-Scan  Pressure  Measurement  System 

Co-Investigator  Funding  Source:  Institute  of  Orthopedic  Research  and  Education  Date: 

1999  Amount:  $17,550 


17.  Effect  of  Rotational  Alignment  on  Kinematics  following  TKR 

Co-Investigator  Source:  Institute  of  Orthopedic  Research  and  Education 

Date:  1999  Amount:  $27,017 


18.  Development  of  Mechanical  Fixation  Testing  System 

Co-Investigator  Source:  Institute  of  Orthopedic  Research  and  Education 

Date:  1999  Amount:  $65,739 


19.  Institutional  Supporting  Grants  for  Research 

Primary  Investigator  Funding  Source:  Communities  Foundation  of  Texas/  The  Methodist  Hospital 
Foundation 

Date:  2000  Amount:  $250,000 


20.  Grant:  Stem  Length  and  Fill  Design  Features  for  Revision  TKR 

Co-Investigator  Funding  Source:  Depuy 

Date:  2000  Amount:  $36,418 


21.  Grant:  Tibial  Tray  and  Stem  Design  Features  for  Primary  TKR 

Co-Investigator  Funding  Source:  Depuy 

Date:  2000  Amount:  $39,488 


22.  Grant:  The  Effect  of  Notchplasty  on  Contact  Area  and  Contact  Pressures  in  the  Knee 

Co-Investigator  Funding  Source:  Institute  of  Orthopedic  Research  and  Education 


Date:  2000 


Amount:  $15,957 
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23.  Effect  of  Posterior  Tibial  Slope  on  the  Kinematics  Following  TKR(Natural  Knee  II) 

Co-Investigator  Funding  Source:  Institute  of  Orthopedic  Research  and  Education  Date: 

2000  Amount:  $27,017 


24.  Grant:  Pilot  Study:  Application  of  Visualization  Technology  to  Quantify  Bioskills  in  TKR 

Primary  Investigator  Funding  Source:  Institute  of  Orthopedic  Research  and  Education 

Date:  2000  Amount:  $100,000 


25.  Grant:  Quantitative  Analysis  of  Wear  and  Cold  Flow  of  Tibial  Bearing  Inserts 

Primary  Investigator  Funding  Source:  Institute  of  Orthopedic  Research  and  Education  Date: 

2000  Amount:  $26,133 


26.  Grant:  Kinematics  Benchmarking  of  TKA  Performance  (LCS  vs.  NKII  vs.  NexGen  PS) 

Primary  Investigator  Funding  Source:  Sulzer  Medica 

Date:  2000  Amount:  $150,000 


27.  Institutional  Supporting  Grants  for  Research 

Primary  Investigator  Funding  Source:  Communities  Foundation  of  Texas/  The  Methodist 

Hospital  Foundation 

Date:  2001  Amount:  $75,000 


28.  Institutional  Supporting  Grants  for  Research 

Primary  Investigator  Funding  Source:  Communities  Foundation  of  Texas/  The  Methodist 

Hospital  Foundation 

Date:  2002  Amount:  $300,000 


2003-2007  Total  Funding:  $2.850,662 

29.  Institutional  Supporting  Grants  for  Research 

Primary  Investigator  Funding  Source:  Communities  Foundation  of  Texas/  The  Methodist 

Hospital  Foundation 

Date:  2003 


30.  Contract:  Validation  of  an  Automated,  Fluoroscopically-Based  Method  for  Measuring 
Anterior  Displacement  of  the  Tibia 


Source:  Medical  Metrics  Inc 
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Primary  Investigator 
Date:  2003 


Amount:  $18,000 


31.  Contract:  The  Biomechanics  of  Tibial  Fixation  of  Revision  Knee  Prostheses 

Co-Investigator  Source:  DePuy/  J&J 

Date:  2003  Amount:  $1 15,000 


32.  Grant:  Experimental  Biomechanics  of  Cemented  Hip  Replacement 

Co-Investigator  Source:  Zimmer  Inc 


Date  2003-4 


Amount:  $150,000 


33.  Contract:  Development  of  a  New  Design  of  Cemented  Hip  Replacement 

Co-Investigator  Source:  ATO/ Zimmer  Inc 


Date  2003-4 


Amount:  $150,000 


34.  Grant:  Institutional  Supporting  Grants  for  Research 

Source:  Communities  Foundation  of  Texas/  The  Methodist  Hospital  Foundation 

Date:  2003  Amount:  $100,000 


35.  Research  Grant:  The  Biomechanics  and  Functional  Performance  of  Total  Knee 
Replacements 

Co-Investigator  Source:  Zimmer  Inc 

Date:  2003-7  Budget:  $750,000 


36.  Grant:  IORE  Minimally  Invasive  Joint  Replacement  Course 

Primary  Investigator  Source:  The  Dannemiller  Foundation 

Date:  2004  Amount:  $45,000 


37.  Research  Contract:  Research  and  Development  of  Total  Knee  Prostheses 

Co-Investigator  Source:  Zimmer  Inc 
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Date:  2003-7  Budget:  $750,000 

38.  Grant:  Computer  Simulation  of  Motion  of  the  Dysplastic  Hip  after  Modular  Joint 
Replacement 

Primary  Investigator  Source:  Stryker-Japan  Inc 

Date:  2004  Budget:  $9,350 


39.  Grant:  Salary  Support  for  Preparation  of  Manuscripts  and  Conference  Abstracts 

Co-Investigator  Source:  The  Methodist  Hospital 

Date:  2004  Amount:  $109,764 

40.  Grant:  Salary  Support  for  Resident  and  Fellows  Research  Projects 

Co-Investigator  Source:  The  Methodist  Hospital 

Date:  2004  Amount:  $77,880 


41.  Grant:  The  Biomechanics  of  Minimally  Invasive  Total  Hip  Replacement 

Co-Investigator  Source:  The  Methodist  Hospital 

Date:  2004  Amount:  $125,668 


42.  Grant:  The  Biomechanics  of  Cementless  Fixation  in  Total  Hip  Replacement 

Co-Investigator  Source:  Plus  Orthopedics  AG 


Date:  2005-7 


Budget:  $450,000 


43.  Research  Grant:  Stability  of  Single  vs  Double  Bundle  BPTB  Reconstructions  of  the  ACL 

Co-Investigator  Source:  Paulos  Research  Foundation 


Date:  2007-2008 


Amount:  $25,000 


44.  Does  Single  Bundle  ACL  Reconstruction  with  an  Anatomic  Tibial  Tunnel  Recreate 
Normal  Knee  Kinematics? 

Co-Investigator  Source:  Baylor  College  of  Medicine,  Department  of  Orthopedic  Surgery 


Date:  2007-8 


Amount:$ 
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2008-2009  Total  Funding:  $1,286,916 

45.  Grant:  Computer-Based  Methods  for  Surgical  Training  and  Skills  Assessment 

Co-Investigator  Source:  Department  of  Defense  (USA  MRMC)/  TMHRI 

Date:  2008-2009  Amount:  $840,0000. 


46.  Grant:  ACL  Deficiency  and  Repair  in  UKA 

Co-Investigator  Source:  Stryker 


Date:  2008-2009 


Amount:  $60,000 


47.  Research  Grant:  Hip  Range  of  Motion:  What  is  Impingement  and  How  is  it  Minimized  in 
THR  Surgery? 

Co-Investigator  Source:  The  Methodist  Hospital 

Date:  2008-2009  Amount:  $45,600 


48.  Research  Grant:  Can  the  T ranscondylar  Femoral  Axis  be  used  forTKA  Implant  Positioning 
Sizing? 

Co-Investigator  Source:  The  Methodist  Hospital 


Date:  2008-2009 


Amount:  $30,000 


49.  Research  Grant:  SynFix-  Micromotion  Study 

Co-Investigator  Source:  The  Methodist  Hospital 


Date:  2008-2009 


Amount:  $30,000 


50.  BioNanoScaffolds  (BNS)  for  Post-Traumatic  Osteoregeneration 

Co-Investigator  Source:  DARPA  Fracture  Putty  Project  (DARPA-BAA-08-50) 

Date:  2008-2012  Amount:  $341,316 


J.  Extramural  Professional  Responsibilities 

•  Co-chairman  for  the  1st  Annual  Discovery  Forum,  Minimally  Invasive  Surgery  Conference  held  in 
Houston,  Texas  September  2004.  The  conference  was  attended  by  physicians  form  around  the 
world  and  broadcasted  live  in  Mexico  City  to  a  panel  of  distinguished  orthopedic  surgeons.  The 
event  was  j  ointly  s  ponsored  b  y  t  he  Institute  of  O  rthopedic  R  esearch  a  nd  Education  an  d  T  he 
Methodist  Hospital. 
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•  Co-chairman  f  or  t  he  2 nd  Annual  D  iscovery  F  orum,  T  issue  S  paring  T  reatment  o  f  D  egenerative 
Joint  Disease,  held  in  October  2 005.  The  discovery  forum  included  live  surgeries  and  surgical 
bioskills  demonstrations  that  were  broadcast  to  five  i  nternational  sites,  Mexico,  S  pain,  T  urkey, 
Chile,  and  Saudi  Arabia. 


•  Co-chairman  (With  Prof.  R.  Ganz)  of  the  Scientific  Symposium  on  Reconstruction  of  the  Diseased 
Flip,  Bern,  Switzerland,  May  06,  2006. 


•  Member,  Outcomes  Task  Force  developing  a  new  Knee  Society  Score,  The  Knee  Society,  2007- 
8 
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